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(57) Abstract: 

PROBLEM TO BE SOLVED: To actualize a projection 
beam of good quality which can be oscillated continuously 
in basic lateral mode and has no astigmatism suitable for 
the nght source of an optical disk system, etc. 

SOLUTION: The semiconductor laser is constituted by 
forming an n type GaAIN clad layer 13, an active layer 16 
of MQW(multiquantum well), and a p type GaAIN clad 
layer 19 on an n type GaN buffer layer 11 on a sapphire 
substrate 10 and the clad layer 19 is equipped with a 
dout)le heterostructure part with striped ridges and a light 
confinement layer formed in an area other than the ridge 
part of the clad layer 19 on the douNe heterostructure 
part. In this case, the refractive index of the light 
confinement layer is made larger than the refl'active index 
of the p type GaAIN clad layer. Consequentfy, threshold 
current density is reduced by controlling a lateral mode by 
forming a waveguide structure with a refractive index 
distribution, and in the lateral mode, an tnGaAIBN-based 
sem'conductor laser can continuously be oscillated. 
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m$dm 1 mnm^ ^ vm. Hug3:3 -rmmRrrm^m 2 10 
xmm.mvim^-^titc^mj2^i!bmt. 

HilE5fcsa^^)Jgt±^ ms^^-^ts iu-vm.'(h'^i^mi^ 20 

T, 

Ic Bi-.-b-c N (O^a, b, c, a + b + c^l) 
iP?.^S#pjgi:In« Ga, Al. B, N (0 
^e. f, g. e + f + A*t,«;5WMJitT-^ 

X. 

m^mimmmi^^yh'mifiiTi. Ga, ai. b 

1-X-T-. (O^x, y, z, x + y + zgl) 

t), Hy83^2WSM5'^'V h'Mii^I nu Gav AlwB 

0.18 (2d/A) -''''^Hi/Ago. 2 7 (zd 
/A) 

0. 18 (wd/A) -^^^^H2/A^0. 2 7 (wd 
/A) 
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T, 

— ^ is S 1 o®® -ejfe S 3 ^if^Sfc t -r S 

In. Ga» Alh Bi-,-t-h N (O^s, t, 

h. s + t+h^l) ifi^i^X>s wmmm^<D;%i^Y^ 

H?83=*^-^Ur:^--^^-7D— KJhSOAliHjSha:^ 0 
<h<0. 2$iefefffiHtfeSCtS#SIEi:-rSi|£# 

Stg±t^^J5£$n^ Irix Gar Al. Bi>x.,_..N 
(O^x, y, z, x + y+z^l) ]tPt>&S^l#m 

^®3rlKj®JltCJgJE!^^n^ In, Gar Al. B 

N (O^x, y, z. x + y + z^l) 3!pe,35t 

Ox ^y'^'iy^<D^)v^j^m-i-^m2mnm.i7'p^^Y 
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mt^mmit. In. Gab Al. Bi...„., N (0^ 
a, b, c> a + b + c$l) I n. 

Ga, Al. B, N (Oge, f , e + f + 

t5ie*f^pJi®iiS®<i„t a. 0. S/zm^^T-Sti^ 
mig3S-i'7'j;H06DAimfiEx*i, nrSSMcDTOIn 10 

StK±t:BJ5E^ti^. In» Ga^ Al, Bi-x-r-. N 
(O^x, y. z, x + y+z^l) 20 

z0mimmm^^^yh-m±^M^^fi. m. oab 

Ale Bt-.-b-o N (Oga, b. b, a + b + c^ 
1) iPt)3&5#pJgi:Ine Gaf Al, Bi.._,-„ N 
(O^e, f, g, e + f + if^^i^^V^mmt 

i©37tgJ^±t3?f^B2^n. Inx Ga, Al. B 

N (O^x, y, z, x + y + z^l) **c,3fc 

nu Gav Alw Bi-u-v-w N (0<u^l, Ogv< 

^yr„t±. ^tESSAlcJ*ts (yi„) • (H„„ 
/A) ^0. 1 5$iSfctTV^5;ii:«:4^aai:t5i|^^9 

P> )&: S V — tf f ^ r ; 
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c:©^ 1 <Dm 1 ©MMi' ^ H±tm^ix. 'i»S: < t 

^ ^tf ^ i © ^ ymm t . 

y ti^-r^m 1 ©^ 2 mmm^ y ^ K;i 

BNgBis 1 ©^ 1 ^ffis^:'? KM. mmm 1 ©37*^^ 

^fcU^^ 1 ©^ 2 h'iiSW^-S^ 1 <Di^^)\, 
C©S 1 ©^^iito^israidm 2 ^nm^'p YM 

sat. 

liM^ S@i@t:@K9tlC?|$j5£$nfc^ 2 ©^ 1 ^IS^i' 

c:©|g2©mi«mM^7vK±t:?gB£^n. 'J>*;<i: 
4>® 1 iivm 2 ©mSiBS^tr^ 2 ©3 r^Jgat, 
i©^2©nT^i^±tcBBS3rnx :^h^^y^<Di)^j 

p^^t^m2<Dm2mnm^^^y h-Mts 
jSLi^m2<Dm2mnm-;^^-j KJi^:t-r5is2©4^r;i/ 
b5S^ 2 ©0 2 ^imMi' ^ V h*js±tc y V $^©fiysiJ tf& 

TS!Ke<Jt:BjK*nfe% 2 ©itemafe/i 
C©^ 2 ©ife^ii»M±:RVmiia» 2 ^^mMi' 7 

© y '^/yit^jgfig^n&sg 2 OB 2^mMii ui'if hjg 

C©m2®^25|SM3>i'5' bJi±{;:m*nfeB2 
BiiiaS«K:43tt5B!lg3miSV®2©^imS^7y H@ 

liiiB^ 1 .© =1 Tmm<DmimRxrmB^^ 2<DziTmmo 

Bl®ffite®«:. Bfif3B2®ffitt/iJ:!)*>tulBg«CjE 
OttStlHl^lCBfiesn, SoHyg3B2©fSf4Ji©/^> 

fi5!B&«l«IS^{'^'j'KJg{±. In. Ga, Al. B 
N (O^x, y, 2, x + y + zgi) jEpt-JB: 

H!f§a^B2^|SMi'7y h'ati. Inu Gav A1,.B 
N (O^u, v,.w, u + v+wgl) 3&>e»)&: 

grigBAI^iitoJiti, I Hp Ga, Al^ Bi-p.,., N 
(0<p^l, O^q. r<l, 0<p + q + r^l) 
3Jpt»«t!), BiIgBM2«SSi'v5^ K/g©jajf$J;04»:*; 
^ I W L T 1. 1 S Cl £ fc f S U - 

1f, 
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K ^ 5^ > 4^ tc J: ») / to tg^ 2 ^ -\' rjl 
d-y-Sxgi:. 

25?ms=j>^'i' ^;i£fi^;^^F■&sxmt£^^-e^^s 

[0 0 0 1] 

I n G a A 1 BNmmn^m\^^ti^^mt^U~VRxr^(D 
[0 0 0 23 

[0 0 0 3] 1) S.Nakanura. M.Senoh, S.Nagahaffla, 
N.Iwasa, T.Yamada, T.Matsushita, H.Kiyoku and Y.Su 
Eiffloto:"InGaN-based multi-quantum-well-structure 1 
aser diodes**, Jpn. J. Appl.Phys, ,35(1996)pp.L74-L76. 

2) S.Nakamura, M.Senoh, S.Nagahama, N.Iwasa, T.Ya 
mada, T.Hatsushita, H.Kiyoku and Y.Sugiinoto:**InGaN 

multi-quantum-well-structure laser diodes with cl 
eaved mirror facets", Jpn,J.Appl.Phys..35{1996)pp.L 
217-L220. 
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[0 0 0 4] InGaAlNm^^^4T■8^^<tS£EASi^^,^J^ 

10 

[0 0 0 5] 3fc7^-f ;^4'i^;^5=-A^^©if£;ffiT*a:. 

htfiht^m. m:^^^~Y^mf^^iKX^^i:fi, In 
G a A 1 U— tf T-U^^— K (transverse-inode)^^ 

I nGaAl P^T*U h^-f rMCDSBRV-if 

*s^^^nTv^5®^T-;&s (Tg3:*:E)i) . 
[0 0 0 63 3) M.lshikava et al.:Extended Abstrac 
ts,19th Conf. Solid State Devises and Materials,Tok 
20 yo(1987)pp. 115-118, 

UiPb^ijse., InOaAlNmix— tf-rti, ±gSSB 

I nGa A l NMl^-iflc 

4) 4^M5jz8- 1115 5 Q^^m. i^mi^v—^m 
J-) tc. Ge^n-^nmskmrni^m^^tzm^ifim^^fix 

30 [0 0 0 7] — jies;^ KJi^ciaitfe^gtsiisg®. 

feSo ^tC lnGaAlNML'— ift-tt, ^iS^^g**^ 

^^x±<mis.^mm^mi^is^-ox\.^o. ccofcto. 

[00 0 8] Sfc, InGaAlNm®i(g^fiS:gT-H:^ 
G a A 1 N® J; -5 ^ A 1 &^tF^S^<f£:^$-^a 
10 Tfl6©GaNi;©fe?^^2gti)SM^5fciftC. Al&^tr 

[0 0 0 9] — 3fe7^^>t-5'i^;^7^AK:Mv^s&»© 

0 \zmmm^^mmmifim\M^fi^ifi^ ^<ommi.'Z^r\y 
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[0 0 113 W±©J:5(^. ^®li©4^ai^i*u-1ftU 

to 0 1 2] iktost. ifc7=-f ;^i'«:ir'N0|^^K:§t 

[0 0 13] Se,t^S£, 3t5=-f;<^®iliffiSlbC# 
So <au ^<o%7'^:^^i^::K7-i.iL0i-MM'&i^W^ 30 

viffi^fcjfisgtJteSo ^#i[±s j^ST^-f ;^i5'®t:'ybgEa> 
[0 0 14] 

m^<mmmh<. g*«^-KT-ii«s«M-r5u- 40 
[0 0 1 5) s<b3tf';'>ASYb^4t«lfi;®&- 50 
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[00 2 3] 

to 0 2 4] En-fe*^Wi±. ^^:£^tJlII-VK{b^ 
^©ftip Sll|SS©^7vh-®i:;^b^<7' 

V— !fT-SoT. Jtaii«!)Jg*igSS&^tfIII-VK<b^ 
W??i$:*»e.ft:*)s iS3fclBiiftJgcDja*f^As^2asmS 
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[0 0 2 5] *fc*^B^(±> mi^mSKDln^ Ga, 
Al. B,-x_,.. N (O^x, y, z, x + y+z^ 

1) A^^&Si'^ y KJii::^ h^-f 7'*^®U s'i^^;fr 
5^2WSScQIn« Gav Al^ B, N (0^ 
u, V, w, u + v + w^ 1) 3!)^e>^Si'^-y K^TffS 

if£^<$:U— tf-e^-oT, :)t^3iii)M*sinp Ga, Al 
r Bi.p-,-r N (O^p^l, 0^q<l, Ogr^ 
1. 0<p + r^l. 0<p + q + rgl) 
^itemii»0®S5f^A^^ 2 SIMM® ^ y H^CJSJf 

[0 0 2 6] ^^m<Dm^iy^^mmmmti>x 

r0 0 2 7j (1) fEStem**^ 'J>^<ttln. Ga. 
Al, B,-._h-c N (O^a, b, c, a + b + c^ 
1) I n, Ga, Al. B, N 

(O^e, f. e, e + f + g^l) A>c.)fe5|S?M®i: 

CO 0 2 8] (2) Ki^®^$Ai#H®®J|t^$j||^)&: 
CO 0 2 93 (3) 3T^^CD«g|?di:l/— tf^SiS:^A. 

0.18 (zd/A) -^-^'^Hl/A^O. 2 7 (zd 
/A) 

0. 18 (wd/A) -•^»^H2/A^0. 2 7 (wd 
/A) 
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[0 0 3 0] (4) #^Ji 
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[0 0 3 4] (8) ±ga/^7^-^'*s. Ax - (Her./ 
A) • (H„i.d/A) ^0. 2:£^fcUTt^5Ci:o 

CO 0 3 5] (9) ±§3-'^^^-^'^, Ax - (Hcor-/ 
A) • (Hci.d/A) ^0. 1 5^^SfebTV^SC4;o 
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cl.di;ti^ XAl'Hol.d^O. l/im^SfcUTlr^SC 
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[0 0 3 8] (12)3 7'lBJ^(i, m®&t^tf<t3t3j|$jS 
^cnfcln„ Gav Alw B.-u-v-wN (0<u^l. 
0^v<l.. 0^w<l) i^e>)5:S^|g[®3|^^^^^ 

:^®^^In$ifi£y,„t±. ^iS^^Atcjt^U (y.„) 
• (H.„.„/A) ^0. 1 5$^fcbTV^S:ii:o 
10 (13)±!B/^^^-^5!»s, (y,„) . (H 

cor./A) ^0. 2^®fcUTI.>5Ci:„ 

[0 0 3 9] (i4))K^ii*&;gAs^2^?mmi'^y Ymh 

[0 0 4 0] (15)3fefflja.K)ig®^^> K:lr-\"yrai^;i/:\: 

to 

[0 0 4 1] (16)^2^mM^5«i' KJf±®n>^'i7 h 
^2^mM^7yKJii:3>^/i?h0i:ffl^lc. MW© 

[0 0 4.2] HD&^nph^i^^^^^y'miKDm^. m 

b:^&t^In, Gat Alh B,-._t-h N (O^s, 

t, h, s-ht+h.-^!) ie^i^i3:^:3r^^)T^—J^—y 

x2-m±mifio^tt. < i: t, 1 mmn^fix^^^z. 

30 [0 0 4 3] {18)^^Ur:t-^^-7P-B5itMOAl 
0<h< 0.2 

CO 0 4 4] (19)Ml^mS^vm2«lmS®&i'^«i' 
h-^{±GaAlNi-e,*:»), ifc^jiii)®ttInGaN* 
feiii'^ iy HiiJ;?) A IffifiEO/h^V-iGa A 1 NA^e.Jfc 

[0 0 4 5] ClClT:, JfcffliifeMfi^ !fe®(i) -(iii) 
®v^TnA»^::?^■r<t5f3igS^RTtgT-SSa (i) 
40 Mti, Inp Ga, Al, B,-p-,_r N (0. 2^pg 
0. 3. O^qgO, 8. O^r^O. 8. 0. 2^p 

+ q + r^i) *»^,&»]^ m!/tmji.isbmcommmifim2 

[0 0 4 6] (ii)ife^jitojgti, InpGa^AlrB 
i_p_,_p N (O^pgO. 95, O^q^O. 95, 
0. 05^r^0. 3, 0. 05^p + q + rgl)T* 

CO 0 4 7] (iii) >t^iii^>Sti:, In^Ga, Air 
Bi-p-,-r N (O^p, q, 0. OS^r^O. 1, 
50 0. 0 5gp + q + rgl) S^t^iitoJgCD 
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CO 0 4 8] (20)Tfl&SffifcbT, 'y-77"frX(iSi 
[ 0 0 4 9 ] (21)^ 2 ^ismi' 7 V V'm<o >; y 

[0 0 5 0] (22)3i>^'^'hJgl!SlKli^a]&s. 1 0 
0 cm-'$iSfcbTV^5^i;= 

[0 0 5 1] (23)n>^'^'hJSM®5feaAS. a^5 0 
0 cm-'i£^fcUTV^S::^, 

[0 0 5 2] $&*;^^t±. 2@®V-1f^&^af S 
tftltJV^Tx a«±tM*c-5 2||^<0gtSM 

[0 0 5 3] dci-c, ^yyju-^T-ummmt. mim 

mM©In. Ga, Al. Bi-.-,-, N (O^x, y, 
z, x + y + zgl) 7" 
tt®';yS^&^1-?»^2^SmScDln. Gav Al^ B 
i_u_v-w N (O^u, V, w, u + v+w^l) A^^^: 

s/KJgCDU.:;2;TO^®^3^t;. I Hp Ga. Al, B 
._p_,_r N (0<p^l. 0^q<l. 0^r<l, 0 
<P + r^l, 0<p + q + r^l) A^fe&f), ^2^1 

[00 54] ttc. filiiaiiSi'^s'KBTJfE 

(In. Ga, Al. N:x + y+z = l, 
O^x, y, z^l) *>e>&5iN?ffV-1fex 

ic S ^S«±giJ ^XfV^y V 1 ^im^® ^ 2 

[0 0 5 5] ^^SaMS^^^ftl'-lfcOSSig:?? 
xgfc, siOj 53J:Vl/*^:^ h&M?&U J^h^-fT" 

iiJi) ^?&i5K1-5X|li:, i;>yiJ±a3SiOs -^7.^^ 
KSSI-Sxfii:, (SSftffiJtM) 43J;vy'i' 

y ±gp ^ 2 © ZJ > ^ h Jg ^kg-r 5 Xg t ife'>)5: < 



' 10-294529 

12 

[0 0 5 6] ^fc. *l6^{c^^§^i^:?i£(i, g^b^f-; 

■^A^^b^Wagf* (In. Ga,Al. N:x + y + 
z=l, Ogx, y, z^l) ©K7<x»/f->yxg 
tjfev^t* ^J>'S:<i:^l^g|S&J52^i:UT^tfml©;^^;^ 

2 ® :if ;^ i: © ii-^if ^ $ ^ V ^ S c i; * 1^ 1 1" § o 
[0 0 5 7] CdT, Sll©:^/;^tUT(i. Cl= . B 

bTt±. CF4 , Cj F, . SF, . 0. . C03JaC 

[0 0 5 8] Cf-^ffl) *^!^t:J;n«. InGaAlB 

Inp Ga,Alr Bt-p.,-, N (O^p^l, O^q 
<1, O^r^l. 0<p + r^l, 0<p + q + r^ 

[0 0 5 9] ^CT. ±830<t^^^HlJi^^)M^i^ ^5^7*- 
I n G a A 1 Nm#«ftU-if ^;^3V^Ti' ^ H 
X^nm^S^^, :&S^fejSfb^^5E:g (MOCVD) S 

[006 0] hly^, InmfiSA^OJ;*):^&lMnGa 
AlBNm^fcHMii^iait&^iittt, ^OT©^7 

£0 cntt. H^KiSMgzi'.-br^'ffl^f^fiimbiJfir 
[0 0 6 1] umm'fmo^mi 

So 

[0 0 6 2] $^iz$.ti^^mc^hi£. gJdisgt:^® 
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[0 0 6 4] 

C0065] imitDmmmm) ^lit. ^^m(omi 

[0 0 6 6] ^if'l Oli-y-^T'-frgtST-fe*), COS 
tel 0®±fcGaN/ts;77^1 1, nMGaNn>-5? 
^hJgl2, n^GaA INi^^-j; Kigl 3, n^Ga 
N^&^14, nMGaAlN;^— 7D— gjjjtgl 20 
5, InGaN0MM?#P (MQW) S6f£0 1 6 , p 
.MGaAlN:i--A'-7D-BSliJil 7. pMGaN^i: 
«Eigl8, prnGaAlN^?^-^ h-® 1 9tffiE:SBJ5S$ 
^^T^^5» Cl?^?>©i^^jEi£fii±MOCVDa^SgV^ 

C0067J p§gGaAlN4'^^;KSl 9t±y^h^< 

(c J; »3 ^ y KJg 1 9 ;^ >. ^i^^® i; >y z^^ifi}^^ 
^^^TV^So pMGaAlNi'^s/KJSl 9®y 'yi^gg 
fei^tnSl nGaNJtemiai6M2 03&sjlJf?figtfflii«5* 30 

tcttpMGaNriV^'^:? hjg2 l*^B^$nTV^5o z 
tl^<Ol^^m^'b. MOCVDS^V%ttMBEStJ;-=> 

[0 0 6 63 P^GaN3>^^>g2 lT6^t.nSGa 
AIN^^^' K^l 3*-eAsgp^a«]t|S%5fe^n, nMG 
aN3>5'i' hJ§l 2©-geAJSmL.T(.^S, ■eUT^ 
pMGaN=i>:5'^' hM2 l±lClipffl!iaS2 2i)Sfl$fi£ 
n^GaNn>i'^ h^l 2©SmSlJ±tl3:n«!l 

mm-zsifimssi^tixi^^. 4o 

CO 0 6 93 tf®Sf£JigP (W 

=I7'^g^i:^)V^^) ti. In.Ga,-. N#^^/ 
^n. Gai-„ NPitMJi (age) **e.tc5^MM?# 
p (MQW) cDrSffiiil 6®pgiH!lf::, GaAlN:i--7t 
-T^D-B^itif 1 5, 1 72itJfGaN«iaEgl 4, 18 

0^ ^ft;ag(c*i. 'J^:fe<i:t^fSl4Jf$^^T•^i»3, mm 
«>m;«r&ffl^Tv^So 50 




I) i^^^l 0-2 9 4 5 2 9 
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[0 0 7 0] ^mmmmx-ii, in, Ga, A1 

, B,-x-,-. N (O^x, y, z, x + y+2^1) 
$tnifi^-^?> nmi' ^ V h-;g l 3 ii I nS^^B Sr^Ste 
V^fcAi)Ga,-. Al. Nii^lB^n. $e,t?St4Jil6 
t±Al^^*)5tlA;t». MQW$<gfiK^5#^JgSW 
SMii^n-enin. Ga»-. NSt;fIn. Gai-,N 

ii^Sa^nSo IsJ^C. In„ Gav Al„ Bi-u « 

N (O^u, V. w, u + v + w^l) W^p.ff'^Ui^ 
pSi'^^y KMl 9(il nSO^B&^^;S:^,^fca^)Ga 
\ i-„ Al« Nt^Sd^nSo 

[0 0 7 13 fel±©J:3f::«J5e$n&4^^<*:V- 

[0 0 7 23 (7J<^;^IR]4II*- h*ft(J®) ^^mm<D^ 
mWV-^X^. ;^ h^-i'7'^1.*?fn^InGaN3femji 
toM2 0**:3T^J^t::i£^LTV^efca&. 

[00 7 33 CC-e, nSlnGaN^^iitf>®2 060 

Iniaj5£H:. JSKiS 1 6 t^^JttS I Ga.-„ N#P 

iiA&M2 OtoJStf^H:, n-pm(n>m^^^Xi^:k.n\^„ 

[0 0 7 43 %mimm2Q<nwsx^^7.Y^ 

-< :rSP®pMGaA 1 N^>^ y KJg 1 90H^f^j; 0 4, 
<^ 3*SiiS)M2 0£D/i> K=^=-\' y:rcii:^;u3p_y: 
^ h^-fZT'escop^GaAlNi'^y KJg 1 9®/l>K 

[0 0 7 53 ^®<t5tc;^h5^'7'egJ:!3jaSf^®A& 

v^3!e^5i»^2 o*sfe5tc:t,i6re,-r^ffija$f^H:/j^^< ' 

ii 2 0 tt^Mg?:^^^ LTiSJKi^$feAJ>;T-& 5 

So 

[0 0 7 63 StK-Sfc. ISltc^-r'^ig<Z)i(t^i[f$:U" 
[0 0 7 73 -®<t5*;ii5fe!!liSfil3gii, Jfe^iitoM2 " 



(9) 



1 0-2 9 4 5 2 9 



15 

[0 07 9] 02 (a) H:, ;^ h^-f rgpt:^ h^-f 7" 
2 (b) g*t-KC5»>f1-5«^ao 

[0 0 8 0] c:ne.oiaT-t±, 

nMGao.t.Alo. isN/n-GaN (0. lAm)/ 
MQW/pMGaN (0. 1 /im) /pSGa o. A 1 
o.isNfcbs i^h^-fT'^ODM^aS&nMGao.BsAl 
0. i«N/nMGaN (0. 1 ^m) /MQW/pSGa 
N (0. /pMGao..sAlo. ,bN (hout>u 

m) /nMlnGaNfcbfcS^©ilSSESM5tfS?«f*n 

So 

[0 0 8 1] ^EiCjfcV^-rMQWli. Ino.isGao.Bs 
N#pji (2nm) /I no. o,GaD. >aN»^ (4n 

[0 08 2] HOgg^^bCH:. BSifet- H t 

0. se.K:a*b<(±0. 2/imaTt:ga 

[0 0 8 3] S3 (a) i±. hou* =0. 2jumO@-& 
#tt&5^tTV»5« 03 (b) tt. ^h»„t <om-^<Oa 

[0 0 8 4] ;^ >7>r 7'|gAS:*:gV^i:Aa3(|J/J*a> <as 

[0 0 8 5] ^fclS4 (a) SV04 (b) ic^fJ;^ 

*o cnt»®Elttx :^>^-f7'a!®J@«Jg&nSGa 
0. BfiA lo. ,5N/nSGaN (0. l/(m)/MQW/ 
pS^GaN (0. l/^m) /p^Gao.BsAlo.isNi: 
Xh7-f:r^®®fl|jig&nSiGao.B«Alo.,6N/ 
nmOaN (0. 1 /^ra) /MQW/pMGaN (0, 
1/zm) /pSGao.B«Ali.iiN (0. OSjum)/ 
nSInOaAlNk L&S^O^a«»|;£J5¥ef bfc t 
®T**Sc ;^ h^-f r^tiiltSnSInGaAl 
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to 0 8 6] ^CT. MQWa:. I no. , Gao.« N# 
pa (2nm) /Ino.osGao.««N^MM (4nm) 

[0 0 8 7] CCl-C. 04 (a) (±, 3tffljito®*sin 

m^r^. :i<Dm^m^mmt. e!4 (b) i^^-r ±5 

t§So 

[0 0 8 8] Sfc, 0^x,„^-0, 2©^m^th7 

[0 0 8 9] «ieyi®ja#f^<t *) 

^)'^^V^JS^f^©Ga,-. Al. N§fflV^t^^, [^4 

(b) izr^t^d^. mm^ifis^commi^^T^^ 

[0 0 9 0] ^2®^:^|±, ?fc|gii©Ji®AlffljSti&Si'^ 
KS©Al«^I35V^^HT•fe^]. /^?l,\An=,©- 

[0 0 9 1]m3©^«H:, 04 (b) tf-eaST'^t- 

30 iMJ:5'j\^<. a-3^iayg©Aiffi^j;D:fc&<. -r 

UTi^S, c:©EW®M^(±, 04 (a) Ic^xt-J;d 

[0 0 9 2] ^4 (b) >te^a»m®Ai 

40 [0 0 9 3] JJrt. *«RS^cJ;5S5fe«^RfiligSSV^tt 
Si&&«3tiJS«^- K©S^^b0;^■effinTv^s;: 

[0 0 9 4] 05 (a) (±. m^mfSLm. mmm^m^ 

h^-f r|s©W^^i4i£^LTl^5o 05 (b) ii, 
tc^•ir©^?^SStcov^■C 1 Jfct- Kfc®® 
^KmifellAat:o^^T^ ;^ h^-f 7-ti©{&#tt$^UT 

50 



(10) 
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too9 5j la^^nsctdt. a§v^ 
10 0 9 6] cintz^u m^m^mti^v^^m^mit 

[0 0 9 7] (Sfi:&rRiat-HSiJffil) tC^Ts in 

0.18 (AXA.d/A) '^•'^^H^i.a/A^O. 
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* (GaAlN) i^^^ 'V^'i}^^^t^:^^r-^^. Z(D 

G&AiNm<om^^i&m't^iiimifi^^o ai 
(a) snume (b) tc^-To 

[0 0 9 8] SZpe)^3!)^5J:-5i::. AXaiAS;A;^<, H 

2 0 cm-gJ^^T?/J\$<T^n(i-h^Tfe5o -tC 
atfl 0 0 CIn-•J;^3/J^^< 2 0 cm->J;!3:^^v^ 

[0 0 9 9] 



2 7 



[0 10 0] ^Cl-^, ±13 (1) iC©InGaAlNm 

So 30 
[0 10 1] ia7ttSCH-MQW^itt^i5ltS^^y 

i:UT, n^GaN/nMGao.asAlo.ifiN (Hci.a 
//m) /n^ I no. oeGao. 8,N (H,uid« /zm) /M 
QW/pMl no.oeGao. .4N (H,u,d.\um) /pM 
Gao. BsA Ic. i»N (Hci.d//m) /n^GaNcDi^-^ 
®tf-^«?!l&^bfc, MQWi±In„.a Gao.B N^^ii 
(2nm) /I no. osGao. flsN^^ig (4nm) 1 
O^^C^fiEtUfco Sfce^l-McDGaNCDqSJK^^IjStliS 40 
0 0 cm-^fcbfco 

[0102] 7 (Dm^^^m^mf^'^- L:^: 
«:So Z©^^&E|8 (a) SV08 (b) ti^^bfe. ^ 



(AXAid//l) -'^^ 
•"(1) 

[0 1 0 3] m9 (a) SVia9 (b) 



liHg„id. = 0. 1 /£m®:g^T-fe ^)^ ^9 (b) (±H 

.uid. =0. 2um<Dm^x^&. ]^m^m^c:>ft^ /. 
m 1 0 ^impm<D i nmiifi{k<Dm<Dm-^^'^^^x, 

[0 10 4] 08 (a) Rxr^B (b) t^^B^e^ij^iSi^ 

GaN©®iR^^S[&5 0 0 cm-»i:bfcS-^t•a&5AI^ 

[0 105] mi 1 tH:^M-jgGaN®®JK^^Sc3i)*l 0 
Ell Oi:tt^bTt)iP5a:^tc:, K®??ffiL35; 



-r^^fw (1) s:i:ia]«®sgE^T-j&SRrtgTfes, m 
ux-^\). scum^x-itiftifimT^ib^n^&^^ifimm 

igSr^trj^l^■m:^i:^c5ci:ipe,, (1) 2C© (AX^i 
d/A) -/=©ftt>»)tc: (AxA,d/A) 

[0 10 6] 



Ax ■ (H„r-/A) • (Hoi.d/A) ^0. 0 8 — (2) 



(11) 
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[0 10 7] C^t^LfclSeSjli©flfiJ-C-t±. Ax&tiT 
CO 1 0 83 Ax=XAi+yi.> - (3) 

H0©ln$afi£) &ffiv^nKJ;v\d SfcriT'^J^tcAl 
i)*^^n5ffi^tt±|^tc y i^Wt) 5 1 y y 
Ai (y*i(±nT^gM6D¥iSAim) Sm^r^^lt^J;v^o 

[0 1 0 9] ±(C^L&n^GaN/nS!Gao. eeAl 10 
o.ibN (Hei.dXim) /nSIno.o8Gao.a4N (H 
.urd. //m) /MQW/pSIno.o«Gao.MN (H 
,^id- /zm) /pSGao. BsAlo. isN (Hci^d^m) 
/n^GaN©«tts Xai=0. 15^ y,n=0. 0 
6 9 <H,uid, =0.1 urn, #pSc1 OCffl^) 

^lO^^t:: (2) 
W*A = 420nm®^^, H.,.dSO. 244^mi: 
*:Sc «t45 (2) ^©&ai±37SlS'x05t^3i»CDS-& 

[0 1 1 0} ±ie^^^^-^'Ax • (H„„/A) • 20 
(H«i.d/A) t?tt5UtV^fll<Z)*fi#fi&E|l 2K:^x 

.c, ttAx- <H,or-/A) • (Hoi.d/A) »::;fc:§<* 

Ax - (H.,r./A) • (Hci.d/A) ^0. 1 
(2) SCfeSlsti (5) SC;S:^7iyh-fflJ|[H„i.d©TIS 

tfi-rs.^nsiHias-rsfca&cB:. H„i.d 

t:g9:^f S©A*liS Lv^„ 30 
[0 115] Xai • H.i.d^O. 1/zm "- (7) 

Ax - (H,„./A) • (Hoi.d/A) ^0. 2 
^c>irEii 2 3Jpe,. mT®ffifflT^^+^v^U&^^ffi*s ★toil 83 
?#p>ns» ★ . - 

Ax - (Ho,r./A) • (H„i.d/A) go. IS 



^umt::tid.ct*)'h^< L&^ASHi.'*. ffl^.lfiai 
2TAx - (H„„/A) • CH„i,d/A) 
V^:^-&^c:Jth/d.a» -2 X 1 O" cm-'fcsfeS, c;: 
T% J.h<l OkA/cm^ tt-SfctotZtt. d.ct < 

0. 0 5/imi:-r5i£JSA^fe5o m<Dmm^xti&. a 

<£;i^AS0. 0 5//mtl±T-a:ar+';7':«--M-7P 
-©^^ < 35: 5 c i: ifit>ifi^rzo 
[0 1 1 1] I^±ipf,. InGaAlNJ^l/-if-f{±, 
(2) ^CS=^tfclfef^j3J;UtTSl^i|afftcjift5J-J^T© 

[0 112] d..t <0. 0 5Am (4) 

W 5: 
[0 113] d.et go. 0 45/im (5) 7 

01 2iP^fciP5J;a(::, Ax - (H„„/A) 
• (H.i.d/A) &iJ:©ffiHt:^^nK. :3>^^h 

[0 114] 

- (6) 

I [0 1 1 63 Xai • Hci-d^O. 0 6/zm : -(8) 

<1-5!£J1SH:6:<, (2) ^Xi± (6) iC^gSfctlSH 
•Cfen(S±K£Jfc® (9) iC-^S^-rscittJ:*}. 

h'^T-©MflEI^T^®aTt5o 
[0117] . ! . 



(9) 



(10) 



TKH: (2) ^e.tcM*L<i± (6) iSlfsS^U 
±mi± (7) SC. ^e»t^lS*L<i± (8) Si0^H. 
b^a: (9) Sx $?.tli*b<l± (10) iColEfflt:: 40 

[0 119] rnicin^T. fgi4JS#Fjgj?d„t ^ 
(4) iE;$e>(cM*u<H: (5) ^^©ffiHCaft^-r-s:: 

[012Q]Ei7-igilT*>a loagT'^^^li. 

(yiJ • (H„or./A) ^0.15 



iJS^ia-etibgv^fiiAifc^ 0:A:§<Sbe»S;v^ (08 
(a) SOT8 (b) #M) . eie^T.. ^©J;^ 

<, 3(p-:>y^^;<-^©yFgS*»^§v»fci&, fii»T*.J8l 
T-i&5. i©SSS(iWT©aS<6t^T--^itf»n5,. 
[0 12 1] 



(11) 



^^izmtV<tt. J.XT©eHM^1-nKi!)g¥SFS ^ [0.1 2 2] 
(y.„) • (H,„./A) ^0. 2 



(12) 



(12) 
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[0 12 3] W±t^ie-^fcfgb^V^IB<b0&»£D;i^j§ 
Ino.a Gao.B N#^^ (2nni) /Irio.oBGa 

□. BsNf^Mjg (4nm) ^ immt't^m-^o:>m^mf 
±X {2) (5) ^©lfef^^^&^&t.-rv^s, ^ 

fc [2] - C8] ii^ntmr (1 1) 

fcUTV^S. [6] it^i^iz (12) 5Si®^f^*jJgfcL 

[7] . [8] <DXo\Z^m$l^X'^'oX'b^^U 

10 1 2 4] El otiai i^itm\^xt>ifi?>^^tz, 

o (1 3) ^xm^ii?>. 
[0 12 5} 1 0 0 cm-' — (1 3) 
$P>tcM^U<tta^5 0 0cm-' (14) 

Y^'V^yyX D ^)'^^^r^^tv K^r-^'^vT'^i&ol nGa 

[0 12 6] (b^V^filOfiaS) 0«g?#^ (MQ 
W) «itt±V— tf®b$Vi|a®MtcWS&-^^So 
t^RS I nGaAlN^CDi|£^|{$;W— tfti, C®MQW 

i^mmot)*). SfcInGaAlN^T-:^g)&:F^^T-;fc 
[0 12 7] El 4 (a) --El 4 (c) 

^m^^x^m-r^o mi 4 (a) 

I n G a A 1 N U-mz^if^mU^^^^s l. 

^ym^mtt>x^b!^<T&ttpm^>-$''i7 h^ifufim 

[0 128) cn;£Bi5«ttt, ;^h^l'7'#s$;^^<t- 

tciD. iai4 (b) (^J:^tC37'?S^T-mmA^lStf^ 
10 12 9] ^:ntc)t^UT. ;*:^WlcJ:Stat-KffiiJg9 



10-294529 
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(c) t/T^UfcJ;^{CpS;3>^'i^ 
[0 13 0] (:Sr-^-j7';t-n--7D-RSih) I nGa 

^'^ly K®:^ri''J7'ii^iil 0^'cm-^j;»j(£t^ 

ffil^Sct^*:A im^(D:k^^^j^mX'n^l^^^VTm 
[0 13 1] {£^V';TiMT-t):^-\-rj7-:^_>^_-7D 

20 Ml 6ii39igy@l 4, l8t<DmiZ^ GaAlNA^f>^ 
S^i'yr:^— ^"J— 7D— KSihJil 5, 17i£g6lj-Tl^ 
«o C©;<--A-:7D-BSlt^l 5. iTttSnm-S 
0 0 nm®^^^{C?^V*^T-feSfea&. h*^^^© 

[0 1 3 2] 7D— SSihJgii^ if^vYM 

(o^^rVTmrnifim^m-^iz^izt^imii^mmx'^^. 1 

nGaA INM^Ctiv ltli^fi^^iiSV^^i' U TigSCDnSG 
30 aAlNJgS?i5fi£-e§Sfc», nfij©:^— yi-^P—BS 

0 " cm-=m^pEv^{i^niiJ.±®^■^ y TigS©pM^ 

[0 1 33] pMi'^'j^HJgl gcD^^Uriigti&iev^ 
^^(^pM^^-wt-^D-E^ifcjgl 7®^&^^iai 5^i ^ 
40 tfSl etc^r* ^1 5apMi'^'y K®1 gcD^-^-U " 
T'lagAil X 1 0'"cin-='-e. :^-^^"7P-Kiit^Ai 

[0 134] cnt^^tLT, mi 6ttMQWmMl 6 
4:piH!l^«EMl 8fc®^CGao. «5Alo. ,6N3)--M- 

7 fc: J; 5 piHU'NCDji^^co:^— /T— 7 jt>s3^ir)5: < &o 
50 Tl-*SCi:As^A>5o c®EiT-td:, pMailiS® 1 8 tt^ 
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to 1 3 5] ';7':t-/^-7D-g$±®^^li. 2^ 
wt-7D-B5JhJiGa,-h AlhN0AimfiSh*s;*: 

0<h<0. 2 - (1 5) 

C0 13 6]«:ti\ ^■vU7';t-/^-7D-KitJi(4G 

•fedf+-t;7':^_y^— 7D-KiUgi±, In. Ga* Al 
h B,-.-t-h N (O^s, t. h. s + t + h^l) iP 

to 1 3 7] ±i!EUfcJ:aC*^JfSfl^!StJ;h.K. In 
GaAlBNsKi|£i!|<*;i/— !ft:*iV>T, 4^>^Jl'^7^D« 

to 13 8] m2<D^3mm^ii^.:^%^a>% 

t0 13 9] l2tt'3 0a-y:77"frSteT-SD, CICDS 
«3 0©±CGaN/ly77'M3 1. nMGaN=iV> 
^fJi32, n^GaAlNi'5'j;V-M3 3, n^Ga 
N#«yi3 4, n^GaAlN:t-n-7D-KJt®3 
5, InGaNipe)3B:5*-fi?#p (SQW) SISJS 
36, pSGaAlN:t-M-7 0-B5ifcjg3 7, 40 
GaN?SJS;i3 8, pSGa A 1 Ni'^ K® 3 9 A^fiS 

to 1 4 0] pMGaAlN^^^'i' KM3 9ti;^ h-^-f 
7'gB^&KiV^T*®^cftT•Jl':;5=•>^^KES^n. 

t J: D y h*® 3 9 Vv^ T-tt©'; ^^s^gctfm 

$ixT(r%5o pMGaAlNi'^':' k;S3 9©y 
Wt^. n§iInGaNiteffl-iito^4 0i&*iimtcM-a 
*^fl5fiE$n, ^e,t::^'7-;/Kig3 92fcVitlBii»®4 0 
±1^14, pSGaNg4 1, pSInGaN3>4'i' h 50 
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ig4 23!)Jj5g^0fie$nTl<^5» ^nt>©^^J5£^fe, M 
0CVD?S^l\{iMBESt'J;-3Tf?t>nSo pMin 
GaNn>i'i' hJi4 2]fp&nMGa A 1 N^??^ 
3 a^T-AsSB^WtCKiS^n^ nMGaNnvi'i? hJi 
3 2©-Si53!>igaiUTV^5o -tUT, p^GaN^V^. 
^ 2±tC{ip{Pil«4 3«fig$n. nSGaN 
nvi'i' hS3 2©Saiai±C(±nfflyma4 4Ai?&m^ 

1 0 1 4 1 ] if.m.mmmm 1 1;^ Ltzm i ©iimsi 

GaNipe,^S#-S?#Pi:feoTUSCi:T-fe$o 

to 1 4 23 C©||]W,^-?fti, ^6{^n>5'^h®4 
EtUTpSInGaNSffltfiTV^Sc pminGaN 
t*pSGaNtCl±;'^T-'^>F^i"^7'*i/^?(r^©T, S 

to 14 3] (®3®iyfiJ&S§) El 8ti, *?6W®^ 

[0144] Ett'SOttnSSiC^-C^i), C©S 
ffiS 0©±tCnSZnO/^y 77^85 1. nMGaNJg 
5 2, nSGaAlNi'^yHJgSS. nmOaN^ffi 
ii5 4, nSGaAIN;twt-7n-Bi5lh®5 5. I. 
nGaN^fifi^^fP (MQWffiSiS) 5 6, pSGa 
AlN:^-yt-7D-B5itJS5 7, pSGaN^gt^S 
8, pSGaAlNi'^yHig5 9As^gJigJSSnTV> 
S. :fetis ;ine^©ig||fig^(±MOCVDffi, MBE 
s!^^^^iM#©ffl^^^ttJ;oTfTto^^5o 

to 1 4 53 pSGaA INi'^f 9tt;^ , 
7'SlI^&^V:>T-t©)ttt'ST-3:-y^VyK!S^ns 

SfLTt->So pSGaAlNi'^'^ h*Ji5 9® 'J ^/i^glJ 
a^K, nm I n G a N3te^ii©® 6 0 A^MKfiOtSa 

Vi5„ fLX. P^GaNnV^'^' hM6 l±{3H:p<ffiI 
mm6 2ifim^^ti. nMSiCfite5 0OMCtin 

[0 1 4 63 ^nmmmxit. mu5otLrmm{i<D 

n^S i CStSSfflV^TVlS, Ztilz^t)^ ffiJ^i&JiT 
to 14 7] ti±©l^fiSJKSST-{i)tfflE«!);f ^bTIn 
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^FVMnp Ga^ Al. B.-p-,-^ N (0<p^l, 0 
gq. r<l, 0<p + q + r^l) T•$>nt^m^„ * 

Al. B,-x-y-, N (O^x, y, z. x + y + z^ 

CO 1 4 8] mi 6:&Trmi 6T•^^fnTv^5 j^^tM 

[0 14 9] (m4co||fi£Ji$.^) 01 9tt?f!:^B9®B4 

[0 15 0] ^c*'? Ott-y-^T^'T'g^T-^!). ^cos 
tS7 OO±tcGaNy^y7 7-07 1, nMGaN3>^' 
hM7 2. nMGaAlNi'5y K@7 3. nMGa 
N^Sy^7 4, I nGaN^Mfi?#P7 5, pMGa 
N5|iK®76, p^GaAINi^^s* h-@7 7, pMG 
aN^V5'7"M7 8, pMI nGaNjfc^iitojgy 9AS 
J^fiK^ntt^S, pMInGaN3fc^3i«>Jg7 9l±f5]^ 

^J^^tt M O C V D iSslEv ^ t± M B E J; Tfrton 

So 

[0 15 1] pMGaN^-\^s;:7Jg7 S^itfpMGaA 
K®7 7**;^ h^-frSP^^Krv^T^^-y H 

<D±\Z p M I n G a Njfc^aiJ&M/D >iri7}^m7Qifi 

[0 1 5.2] p^InGaN3feS5i»M/=i>*'^'hM 
7 9A-e>n^GaA INi^^y l^mi ZtX'ifi^^^iZ 
m^^n. nMGaNrJV^'^' hif 7 2®— gPASgtHL 
Tl-»So C®^, pMl nGaN^^iii?)JS/3>i^i' 
h®7.9±t;t±p{iim@8 0^ nSGaN^V^i? hjg 
7 2®@mg2±iCttnig|ISM8 1 A^iff^^^nSo pm 
eS8 0tC*±, {fJiKSPt/TiN/Ti/Pt/Au® 

CO 1 5 3] CfflV— tf®re§t4JigPiiIn. Ga,-. N 
#Pii/In, Gai-„ N|5^^Jg (a ^ e) is^^ta^^ 
MM^#F. -aiAGaN3?^^ga(tfcSCH^igi:)5: 

[0 154] lai 9tC^.Lf:^Jt®^®ttpMInGa 
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®iSitT?tt. ^iSif£Sl::?!fLTi!SiKffi2S®:;it^vMnG 

CO 1 5 5] -15. ^O^ji§tc4b*(t5«SSt3e^m> pM 
GaAlNi^^-:' Hii 7 7 tpM I nG aNjtmjitoJg 
7 9i:®^^-v7^DP$Mt:j:^j|imsnSo fip-fe. ®2 
0 (a) iC7nUfeJ;-5 tc, pMG a A 1 Ni?^ K^t^ 
10 pMlnGaN3V4'i5' h^i:0|^Stc43lt SffiM^^ 

pMGaAlNi?^':; h'^7 7 tpSInGaNn 
y^i^ hM7 9 i;OKCM#®(}iF^©/i> K^-WT'oi 
S^fS pMG a N^Sf^v 7"® 7 8 ifim-^^fl 
TV^5&to^;:. S2 0 (b) tc^b:feJ;^t-s-7-p|^M 

[0 15 6] I nGaNM^>fcSjii6M/n>^?i? hJg 

5„ ;$:^Bg#?>©||^tcj;n«, I nfflfigASQ J; »);*;^ 
MInGaAlNSS(tfe#|ilif{±, -eOTO^^vK 

A*, InGaNJi;fc^(tSCi:lCj;D, 5xl0'«cm 
-H:i±i:-r5c:i:tfT-^fc. cnttzklS (H) 

*iOT-J&S* C:ntC<tD^ InGaAlNit^iitoJi^ 

[0 1 5 7] ia2 0®&fSEfif!|-ca:. p^^^'vKMAJ^. 
•^'JTffiSSx 1 0'"cm-'®Gao.86Alo.,6N, p 
M3>^?^ bJgA^^^+UTeBgl X 1 0"cm-'©I n 

0. ifiGao. ssN, p^-\^ ':/rM3!>*=^i''J78gf£l x 1 0 
"cin-=®GaN®;^^:&^UTV^Sc :inc>®m»^ 

40 C0158]K20 (a) ©pM^^ y K^i:pMn> 
hiiis, ^n-^-ixpMGac. BsAlo. ifiN (^.-\' 
/'^SS X 1 O^'cm-') , p^Inx Ga.-x N 
■\'';7-mSl x 1 0"cm-') ®i^^om^®S-mE ' 
^>&^m2 It^-r, 0 2 0 (b) ffl^i-;;7*Jitix = 
OOGaNT. :i®;^^t:a:Sffi'-3. 7VT-U— tf^ 

v^Jfcv^) o In|B^x*s:*;^</j:5i:Sg{E3yjiEn 
jS<?EcSCl4:As^5, x*iO. 1 J; ^);^&V^i&^^«JBE 
(-3. 7V) T-®aei{E(|[H:l/2WTi:J&D. 019 
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^.K, pMi'7>:'H0®^-\'U7'?SSA*lxlO"cm 5i5^aiS)Ji 9 9 i:CD^©^7^D^gt J; !3§^S^nSo 

X. ^1 9^cn^1-fi|■it^:^^v^T'^7^D^^(cJ:5SS!EPI atJTfes. 

±S&mi&+^?ISfe»ta. pSi'^^J'KMffl^^^UT' CO 1 6 6] 's5^D|!i^M(c<fc5SSitffi±iamtt> 2tt!^ 

fi£i:pS=3>5'^ h®®InffiJ5g©?n*0. 25iX±t LV^. 

^^:^F*^S<^ MSU<(±5xlO^'cm-H^±AJ^tV (tfciitTfev lltfe«nit< c:ix$ 

[0 16 0] ^7^DRtMt:<t5mSSfflil:ama:p afc#1-Stc(is rti^©/^>fj^-\'';'7*^}^-^. ^©a> 

:^#<i:Sc:i:*sT-^5®-tf. fffi^?»l®M> [0167] 6 ©3ISSff5^) !1124ti, 

22*::, n^Gao.BsAlo.ieN (^■^'U7'€&fg5x 1 T-fe5o 

0"cin-') , n^I n_ Gai-. N (^^r-^ U 1 [0 1 6 8] ^cfil 1 0 til?-? 7-1' 7StST*fe 5, , C:® 
X 1 O'-cm-^) ^-en-en^^-y h 20 S^l 1 0©±tzGaN^'?y77iBl l 1, nSGaN 

®lcffiV^fcS^®mfiitffil£-mff^§i5x-r* n^v^' :3>^'^h^ll2, nSGao.,,Alo.i«N^7S'tf 

i'hgfflInffifiEx4*:;^&<S:5i:SiStf»!ll<*5 SI 13. nMGaN^ISE® 1 1 4, InGaN^MS 

;:i:tf^?,<PT?fe5o ^©:^^K:H:x^O. l St+^a- ^#pii5, pSGaN3?M116, pMGao.as 

:«emmih?ar^A^f§e.n5o Alo. i.Ni^^^y 1 17. pMGaNg 1 :^f.V^«7' 

[0 16 1] {m^<omSMm) ia23t±, ^^mom mi is, pSIno.oTOaa.B3N^2^^':/yjBl 1 

5®|l2ffi}giSt:«teS^«Wt:l'— tf©«SJ®^^f»f®ia 9, pMI no. leGao. esNit^jii^® 1 2 0 3Ei*BJEi2$ 

"CfeSo nTV^5« pmi nGaN:Jtraiitog 1 2 OfifBl^iCp 

tO'l 6 2] Etfig 0(it>-7r^r^7?fe5, ^©g Mr^V^'e? hSCDSS!|*,m&bTC->5o ^fficpl 

ig9 0©±(;GaNM^/7TJi9 1, pSGaN^Vi' 21ttpMmSS. 1 2 2t±nfi!TOta&5o / , 
^hM92, pMGaAlNi'7'^KM93, p^Ga 30 [0 1 6 9] c:©SC5^U&«|Ji-ea:pSGao. b.A 1 

N#Syg94, InGaN^ttS^#p9 5, nMGa ». ..Ni'? y 1 1 7 tpSI no. leQao. esNjfcra 

NSayg96. nMGaAlNi'7'yHB97, nMG jiftS 1 2 0 i:©fflmMA*A&<M> K:^-^ y T-Jlis^ 

aN:^ri"yrM9 8, I nG a Nj>6mii«.M 9 9 i)S ^V^fefetc, -v7^D|^Mt;iSSM±J^SAJ:^&M, 

mfigi^nrvt^o nSI nGaN)tffliiS&®9 9t±lnl^ ;^ h^-f 7'^©^'^ H®±icti, pSGaoB 

fe:nSn>;5'^'^®OSg!J^.mfeOTV^So Alo.isNi'^';' Kii i 1 7 i:pM I no. leGao. b«N 

[0 16 3] nMGaN:^-l'y7'jg9 SZfcVn^GaA ^teffliatojg 1 2 0 K^^^V ';'7'£^o2|i 

KJi9 7tt:^ h^-f 7*gII^$|^l/\T^5';; K m©^-^' '3/7*J§&^ltTSSo K^p-^ 'j/yjipS^ 

®9 7C:x h5'rr<*©'J ^'J^SB**^l^fi£^h.•c^^S, c: ®©«t/^^<^t•^Tv^<fc^^), ^T^Pl^MASKPgfltjt: 
©±tnSInGaN3teraii»®/3>iS'i'h®9 9 3t)J 40 ffiiS^n^ .t ^J^gStf^itn^V^^jtil:5:oT^^5c 

JB^^nS- [0 17 0] ^2 4©|IMJfJ^T-(±ctiKM>K^-^':'7* 

[0 164] nMlnGaN5fcfflii4i);i/:3>i^^ h® &i#-:3=3r1' 5'7'®£2®t Ufcsii, cnt|iI5*;©ti± 

993J)^?)pSGaAlNi'^^/>-ffi93* Ttf ^^69 1 )& < , 7 y K® fc>fc^a»® t©/^ > h' y ^llt 

KE5fe$n. pSGaNnV^'^' h®9 2©-gB*JSmb ;£;l:T. ^^K^IftPgffl^r+vT'MS^lA-rS^i:*)^ 

TV^5, C©m^ n^InGaNJteffiiitoS/iiV^'i' ggloItgT?S5, 

h®9 9±tr(±nmS10 0, pMGaNnv^'i'b [0171] 7 OS^ffiJ^Jg) ^ 2 5 tt, ;*:%B9©^ 

®9 2®StBgPJ:t:t±p«l®|gl 0 ltfmsnTV^ 7©§^W^H«g*35i|i«|«;i/— !f©ffifilE$j5^-r»TiaS 

[0 16 5] 0 2 3,tCrsbfcfll5i"e«:. n^InGaN [0,1 7 2] H^^l 3 Oti1f7T-f za^t^t), c:© 
it^iia&®9 9iJ3>^'^ h®&JIEfcTV\S. tifeoTs 50 gffil 3 0©±tGaN/^y 77® 1 3 1 , n^GaN 
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:3>^'^ hjg 1 3 2. nSGao. esAlo. isNi'^^y K 
J1133, n^GaN4iieJil 3 4, InGaN^MM 
^^^135, pMGaNj|?i6jil 3 6. p^Gao.^s 
Alo.ifiN^lpM^^'vK;§l 37, pMGao.a.A 
lo. i6N^2pMi'-7'y b'Ml 3 8, pMGaN^l^ 
^ ■Vy:?'iil3 9, pMIno.0TGao.»3N^2^+r'y7' 
®140. pMIno..«Gao. esN>t^ii«?)^14 Ij&i 
JF^fiE^^^TV^So pMInGaNJfcraiitoJgl 4 ItilBj 
^tpM=i>^'^'>^ffiSg!l4,m&UmS„ Sfc, S 
Ep® 1 4 2U:pffl!imfilx 1 4 3tin<W^ST*5o K 
[0173] ^MCD^^^ m 1 pMi'^ K 

^13 7.655x1 0"cm-\ ^2 pMi' 7 ^> K^g 1 3 
8*^5 X 1 0'«cin-\ ^&^l=^-^s;rj@l 3 9, m 

to 17 43 C®^tc:^bfc^3gffl^#^ii, rSfSJUgd® 
^1 pMi'^y' Kiil 3 7CD:^r-^UTS&S£:;A;$< LT 

^j2>S!)Jg 14 1 i:^-rs^2pm5'^ y K/icD^-\' 

Miaa:iai9. 0 2 3:St5|l|2 4C0^^i:f5l^-^fe5„ 
[0175] 8 CD^Jf^fig) 0 2 6 5*;:^^®^ 

[0 17 6] 1 5 Oa-y-^T-f r^T-^D> 
S«l 5 Offi±(CGaNy^y77'iil 5 1. nMGaN 
3>*'^hJgl52. nSGao.B«Alo.i«N^75'y K 
Jgl53. nMGaN^¥SEM15 4. InGaN^fiS 
^#pl55, p^GaNS?rai56, p^Ga^.as 30 
Alo. .sN^l pM^'^':/ HMl 5 7, p^Gao.a«A 
lo. .8N^2pSi;>7^i' K^l 5 8. pMGao.BsAl 
0. ifiN^S pSi'^ vy 15 9, pSGaN^r-^'y'T' 
/il60, p^Iiit,. , Gao. » NJtmiitoJl 1 6 1 3&s 
fiim.^nx^^^. pMlnGaN^^iiiGiil 6 lii, 
f^lNflCpMr3>^'^ hJB®S^J*)^&Lt:v^So ^fc. 
E^® 1 6 2*aptimM, 1 6 3H:n<D®eBTSS, 
[0 17 7] ^©^JEJf^.^l^^ift-S&ifoD^-V'UT^^ 
ti. ^1 pSi'^ 1 5 7*S5 X 1 0 "cm-\ ^ 

2pSi?^y K^l 5 83&S5X 1 0'»cm-\ mSpM 40 
i'^-y K®1 5 93!)i6x 1 0^'cm-\ ^fc, ^^-yT" 

Ml 6 0, >te^2.»ji/3>^^ h/gi 6 ittv^-rn* 

1 X 1 0 ^'cm-^-Cafes, 

[0 17 8] C©iatc:^Lfc^jS®1^ti. SfSMTO 
SI pM^^-y Kjgl 5 7®:^>';7'S&S&A&< 

SjAto®! 6 li:S-rsm2pMi^7y HJg®^-t'>jr 

^e£^U. $&K:=^+'y7'Jil 6 0 tgg-rSS3pMi' 

HM^^^i' 'jr8&S£S< UT, ;^ h^^'raj-e.fc so 
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[0 17 9] (m9 0||M^,^) ia2 7t±, 

[0 1 8 0] [^ft^l 7 Ott-tf-VTi'T^T-^)*), 
^1 7 0®±{CGaN>'^-y7TMl 7 1, n^GaN 
Zi^i^^ hmi 7 2. nSGao. asAlo. ^sNi^^-y K 
Ml 7^3. n^GaNaiJS® 1 7 4, InGaN^MM 
^=^#^=•175, pMGaN^iSigl 7 6. pS/Gao.e. 
I Alo.i6NSlpM^^'yh-^177, pMGao.esA 
lo. iBN^2pMi?^'y 1 7 8, pMGao.BsAl 
0. ifiN^SpM^'^'y KJgl 7 9, p^GaN^-v^vT* 
Ml 8 0, p^In». , Gao., Njt^)iii>Jl 1 8 1, 
pMIno. , Ga«.» N3>^^ir hgi 8.2AJigfie^n 
Tl^So la^i® 1 8 3t±piH!lMSl. 18 4t±nffi!( 

[0181] ^O^SEBStCiStS^JiCD^-t' u 
ti, ^1 pMi'^'y KMl 7 73!)S5 X 1 0"cm-\ ^ 
2 pgJ^'^ -y KM 1 7 83i)i5 X 1 0*"cin-\ ^3 pM 
^^•y KM 1 7 9 A^S X 1 0 4^vyrMl8 
OASI X 1 0^'cm-\ miihl^mi 8 1*11 X 1 0^' 
cin-\ n>i7^ KJil 8 2*i5 X 1 0"cm-=-d^ 

So 

[0 1 8 2] COMt^^bfc^;^®?#aSti. ^2 6,fC^v 
Ufc^8CD^JS^<gfCiitJ-5#^{CiO^T, p^fflU 
*^t=¥-"^y7'S&S©i^v^:3>4'^' Kjgl 8 2$^ 

[0 18 31«:d3, COJ;d«:^i'U7'«&S©jgi%3> 
5&<. S4-'S7®|liS?l5,^^iig(;?*UT4)i®fflT-&S 

[0 18 4] {mxo<ommm) mz^i-t. y^^m<o 

[0 1 8 5] Hcfji 9 0«:-y-^7'^7'^Tfe*). ^® 
SKI 9 0®±tGaN7t^^:7 7Ml 9 1, n^GaN ' 
3>^>7hM192, pSInGaN^^iitoMl 93 '■ 
As^K^te^nTV^So pMInGaNifcHii^Ml 9 32i 
^^nMGaN3>iJ'i^ hjfl 9 2©±giJti, -eo-gPAJ 
:i^-y^>^^^n, :^K^^':rtt®ajAsjg5£^^iSo c:® 
±tc, nMGaAlN^?7'y KMl 9 4, n^GaN^I 
^19 5, InGaN^fig^#Hl 9 6, p^Ga 
N4?lS®197, pMGaAlNi'^-y KMl 9 8, p 
SiGaNM199, pS I nGa NU >^i? Kjg 2 0 0 
**^Bfie*i^T^,^^,o oj*), nMGa A 1 5 -y KM 
1 9 4HT<PJlicacoy ys;giJi)ij^fig$tiTV^So 
®4'®2 0 ItipiBlim^Sx 2 0 2t±niH!imeST-feSo 
[0 18 6] :^<omSMf^X\t. 3temaH>Ml 9 3ASfS 
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[rO 18 7] 02 8©^jg£{'^®1-§^®ii^mS(i, 

toi88] (^1 sagti. 

[0 18 9] latf 2 1 Ott1?-7r-fTg®T-feD. Z<D 
S|g2 1 06D±fCGaN^^';^7T/i2 1 1, pSGaN 
=i>i^i^hm2 1 2, pSInGaN^fflji4i>ii2 1 3 
A»JgJSE$nTMS. pSInGaN3fcfflii»®2 1 3X 

U^pSGaNnVi'^' Mi2 1 2CD±gPti, ^CD-gUA^ 

^^h^-fT-ttiOKtfB^^nSo CO 20 
pMGaAlN^5s'H®2 1 4, pMGaN^ 
«£l@2 15, InGaN^fig?#F2 16, nMGa 
N#iS®217. n^GaAlN^'^'V K/g2 1 8, n 
MGaNM2 1 9, nMI nGaN3>^^ hg2 2 0 
3E>>?^figSnTl^5* 0*O2 2 ilipMmSi^ 2 

2 2U:n^SglT^So 

{0 19 0] CO||S£j^]iT&. &@®^€Mra2 8 

jk{i.m2 8(Dm-^tmmx-$>^ifi. m2 9(7)^mm\z 30 

*tf5m»aSfc5^1±pMGaAlNi'7y h-®2 1 4fcp 
SInGaNJtraa«)Jg2 1 3 fcO^T^DRtMti 

asnrv^So coraii, tsiBSiig, 02 4-^132 

to 1 9 1] Ztitxeomm^T^O:^ nv^'^ hffli: 
tTInGaN&MV^fc:^^&i5^bfc*s. 
^$nS4»©T-ti)5:<^ InGaBNg£V\ainGaA 
lBNi;UT4»m>, ^iZpm:3>iri^ hm<Dm'^. p 
MInGaBNi8n(ipMInGaAlBNi:-r-SCii 

(0^mi>:^mm(D^i'^^mtzt^mx. InGaAlB 

[0 19 2] tfe. gtK^^■t^77'f rsffitpa^sna 

*t©-Ct±S;<. SiC, ZnO, MgAl, O4 . Nd 
GaOs , LiGaOa ^ Y, Als ds (YAG) . 
YaFes 0,, (YIG) ^m^^?>C:tifiX^^o 

[0193] (mi2 0mMmm) mzoit. :^^m<D 

[0 1 9 4] |gtti2 3 Ott-tf-^r-frStST-fe!), C© 50 
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Sffi2 3 0©±tGaN7;.;;77'ii2 3 1 , nSGaN 
nv^i' Mi2 3 2, nMGao.>sAlo. isN^^-;; K 
^233, nSGaN«SS;i2 3 4, InGaN^MM 
^f2 3 5. pMGaN«igE^2 3 6, pMGa..,s 
Alo. isN^'^'V 3 7, p^GaN^^"yym2 
38, pMInGaN:3>^'^h@2 3 9, nSIn 
0.1 Gao. > Nifefflaitoli 2 4 0 , pSIn.GaN3> 
^'^hM2 4 ItfJgfS^nTl^S. EIff024.2 
tip^MUfiK, 2 4 3ttnm®t^5o 
to 1 9 5] c:®||iEJB^ou-iftiitefflj;-5tcf^M$ 

nso m*>. *"r-y-77-)'7'£tg2 3o©±(;GaN-'^ 

f7TM231, nSGaN:3>^'^hJS2 32. 
GaAlNi'^-yK^SSS, n^GaN^ITO23 
4, I nGaN^aM^#p2 3 5, pMGaK^SSjg 

2 3 6, p^GaAlN^5^?ffS2 37, pSGaN 
^+'j'y®2 3 8, p^InGaNn>^'i?hg239 

h y V 7 J; !) ;^ h 5 -f T'SB&^V^T P MI 
nGaN=]>-i'^ hM2 3 9, p^GaN:i^-^'tf,7'® 2.. 

3 B2iVpMGaAlN^7'y h-02 3 7©— 

[0 19 6]!fetc. 2E]g©^:gTnSl nGaNiKffl 
ai&M 2 4 0 &xrp S I n G a N 3>iJ? ^> h Jg 2 4 1 
i^^-rSo C©2ElM©J5£:g*±:x h7-f 7*gB©S iOa 

to 1 9 7] *iwi5)^©^ti. -m^m^mMizi, 
v^5fc«)t. ^mmmm'3^^t?>ztifix§. pMin , 

GaNiJV^'^' M2 4 1 t^^S»?t3&sjAAi5Ci:k:J;^ 

■c. qyi'i^m^^&mt^ztifiX'^^o- . 
[0 19 8] imi30m^m) msiiii^mwm 

to 1 9 9] *||SSJ^te*lta®«BB:ig3 Otc^U 
fcSl 2©^MJ^^t5tJI^L;T-feS©T% ^©^U^ 
ra(±®iS«. MS:5gB^{±, E3 0tii{^5pSI 
nGaN:3Vi'i' h)g2 3 9^Z^2 4 l©ftit>Dtp* 
MGaNS2 5 0&Uf2 5 1&ffiV^Tl^Sc:tT-feS, - 
C©JilipmGaN^-W7'Ji2 3 8 X *) ^ ^) T^S. 
(M^tS7xlO' cm-') ift^UTfeSfcift. 

[0 2 0 0] St. m3 lommwrnx-^, nmnm^ 
mmi^mttzmmmtLx^^h^ ztuz^t), t^y^ 



(18) 
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[0 2 0 1] (mi^ommmm) m3 2i^:$i^m(Dm 

2 6 00±tCGaN-'i'V77'Ji2 6 1. nMGaN:3> 
^-^^02 6 2, nSGao.BeAlo. isNi'^yKJf 2 
63. nSGaN5¥iSji2 6 4. InGaN^Sfi?# 
P (MQW) mi^m^G 5. p^GaN3§!^2 6 6. 
P^Gao.BsAlo. ifiNii'^'y K@2 6 7. p^GaN 
^-^"yrj§2 6 8A$fig:^JSE&ixTV^Sc p^GaN^^ 
■V';/rM2 6 8i3.ttrp^GaAlNi'^'y K®2 6 7 

h*;g2 6 7fc:^ h^-f rttffl'J 

':/i^g0AS^f^fiS^nTV^So pMGa A 1 Ni?^ s; 2 
6 7 © U nMG a o. A 1 o»N3fc 

^7-^2 6 8, i'^y K;i2 6 7SytASji4&Jg2 6 9 
±{::a:pMGaN=3>^^i'>ji2 7 OAsj^^Snrt^ 
)&*5. 2 7 1{ipm^, 2 7 2(±nSM-efe5o 
[0 2 0 2] ;*:|li£?^,^©itf^a:ifcaili»ii 2 6 9 ici' 
K®2 6 7 J;»3Al|g^CD/J\3rV%GaAlN$fflV-» 

[0 2 03] M3ia£^-ii*iS;*:egctt:^ b ^-f r^l-®^ 

MU&ia4ipe>t3iP§J;^t;x I An., I ^2x 1 

S3 2cD^UEJ^^®«?yT*(±. 3KSa»;i(Z)A 

[0 2 0 4] ±iEbfcJ:^lr2^|IS£JK^l;j;nS. In 
GaAlBNM^^?t$il/— IftCiiV^T. ^^JV-^9-nm 

[0 2 0 5] (^1 5<0^MB,^) E3 3ii;*:^^fflB 

T-^5o ^4^2 8 Otiit^T-yTSKT^.^). ^CQStS 
2 8 0©±tGaNyi5/77;i2 8 1, nMGaN^V 
^i^Vm2S2. nSGao. B«Alo. .bN^^v KJi2 
8 3. nSGaN3¥igyg2 8 4, InGaN^Sg^Jf 
^ (MQW) f5i4/g2 8 5s pSGaN??Syg2 8 6, 
pS^Gao. esAlo. isN^^iy K®2 8 7, pSGaN 
+ -\''>rjS2 8 8ASfiE^J5^^nTV^Sc p^GaN^ 
'^vym2B 8;fcJ;yfpSGaAlN^5';' H®2 8 7 
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10 



20 



J; 5 ^ 2 8 7 h ^ ^' y\^a:> >; ':^gii3!)ij^fig 

^nri^S, pSGaAlNi'^'y Ka2 8 7©U 
g|iWi^®^i:^:c nMG ao. A 1 o. 07N3fe^ji»Ji2 8 

8, ^'^y KM2 8 7^i:5Jtemji4?)JS2 8 9±k:(ipM 
GaN®2 9 0. pM I n Ga N=i V^*^ hjg 2 9 1 Ai 
JKfiE^nTt^S. 2 9 2ttp^a. 2 9 3linteT-a& 

So 

[0 2 0 6] :*:|^?KlSlTH:^tajlii?)ii2 8 9:&ipMG 
aN^igy@2 8 6(;JgUT?K^$nT(.^SjiHAS03 2® 

[0 20 7] (^.1 6 (Dmsmm) ei 3 4 i±;^^B^o^ 
ET*^s, isle's 0 oti-y-^y-frs^-^fe 5, ^cds 

«3 0 0<O±{c:GaNyT^;/77'if 3 0 1. nMGaNn 
>i'^YmZQ2. nSGao. bbAIo. .sNi'^-y KJf 
3 0 3. nMGaN^^^fiJg3 0 4, InGaN^fiS? 

(MQW) m'&mZQ^. P^GaN#gEji3 0 
6. p^I nGaNJPi'yrii3 0 7. pSGaNM3 
0 8. P^Gao. BsAlo. isN^^'y h-^3 0 9ASJ5£:^ 
i^JSE^nroS™ pMGaA INi?^ y K03 0 9. p 
MGaN^a 0 8tt;^ hv-f rgPi^^&m^T:ii'y^>i^ 
^£^#1. cnicj;*}. ^^'V h-;g3 0 9{;i;:^h^-f7" 
ttOU ^yi?a^}^l^i^fi£^^^T^^S, c:©±{cpMGao. .a 
Alo. oTN3te^3i«)J13 1 0. pMGaNnv^S'i? 
3 1 lASBJSS^nri^So 3 12tipm®. 3 13«:n 



[0 2 0 8] :!mm^mx^s ^m^h^t^m^ 1 o-t^vm 

30 TfeSfcii). SBfi£Stt2 0T??^tr. :i<Dmm.X^. p 
MGao. gsAlo. oTN^fcmjito^S 1 OfcpMInGa 

Mic J: ti^JSIiSitn^t-*, — ^r. h^'f 7*g0T*a:pM 
GaNM3 0 8i)SpSInGaN^i' -^^MS 0 7 tp 
SGaAlNi^^^y HM3 0 9 tO^CflJ^snTV^S 

MGao. eaAlo. 07N3teSjlitoig3 1 OOSSf^A^pS 
Gao. BfiA Ic. isNi'^'y KM 3 0 9 J; »3 :^^v>®-r. 

[0 2 0 9] {miKDmmrm) mzbiA^^mom 

1 7®mEJ^-^(c#Siiia?0:u— +f®:g|fig?£^-^Bfggia 
TfeS. 0if 3 2 0l±-y-7y>f TStStrfe 
3 2 0©±tCGaN>^'y75';g3 2 1. nMGaNziV 
^'^MS3 2 2. nSGao. asA lo. ,«N^5'y 3 

2 3. nMGaNi§iaM3 2 4. InGaN0m»^# 
^ (MQW) m<i/g3 2 5. p^GaN5?iSyg3 2 6. 
pMGao. esA lo. isN^l KJ13 2 7. pg/G 
a 0. B A 1 0. 1 Nm 2 ^ y 3 2 8 A^^^fiK^n 

50 Tt^So pMGac. B Alo. . N^2i'^'y K®3 2 
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35 36 

8s pMGao.>sAlo.,sN^1^7yHM3 2 7ii. ^f=F (MQW) 3 5 5. pMGaNjg[&S35 

i'^y Hmtc;^h^Y7":i*®';'>i;gBZiiJ|$^$nT SOao.. Al^.. N^2^75' K^a 5 8. p^Ga 

V^5o ■5'7yHM3 2 7, 3 2 8©'J «y £?gBWOM:® N:^r-\'yrJi3 5 9A^fi£M^^^fiE$i^TV^5o pSGaN 

CpSInGaN^^ii»M3 2 9i>iMS^fl«Jtcma^ig =^-\' y T-ji 3 5 9. p^Gao.c Alo.i N^2^^y 

JSE^n, ^^d. i'^';/KM3 2 8SU^i^5^iia®3 2 KJi35 8s pl^G a c. »A 1 o. .sN^ 1 i'^ >^ Kig 3 

9±C(±pMGaN:3>i'i' h^3 3 OAs^i^fiKS^^l.T^.^ 5 7I±. h^-f rg|J^&m^T^'y5^>i^'K!i$n^ 

S, 331fipmS8v 3 3 2|±nmfi8'CfeS. ;inicj;»), i'^ HMtc;^ h r^K® >; i^gpiifl? 

to 2 1 0] :$;|^B^©^Mm^l®^?K-^^ ^^nrviSo i'^'^K^Sy?^ STSOUs^ygPfet 

fn!«tffl^3li6MT-fe5i*s U yS??l$«*s±gII-fi£<& 10 ^1-©^i^tpMI nGaN>^Siii?)M3 6 0**i|5fi)E$ti 

-:3X\^^^ifi:itl^X'<DmS&B^t^-^t, ^OJ:^t£ Tl^So 361S:p«, 3 6 2 tinS^TfeS, 

';5'i'?l^i:t-^.-i:l^J:t3^ ^a^J^^y K^3 2 8* t0216] *IIJSJI5!^tCii(tsmi?lE30im pMGa 

T-SiiE*s;£Assfc4i>t::s |gi^Oii«in;*jg^r5'i: o.asAlo. i^N^l ^'^-j; KM3 5 7i:p^InGaN 

Ha?£Al«afiE©^!&5 ^fcSai!)Ji3 6 0t«)'s?P|^MtJ;!)^m$n5o ^ 

[0 2 1 1] 03 6it±f[&mss3m(omm^i¥^t^^ (0217) (mi 9©iim?KSi) 1339-134 ot±, 

0I±^ J^gP<ZHH!l^t*&^T=i-f;HR(0^^3 4 1*^ glST-feSo 03 9 (a) t^-r<t-5t. 1J-77-f7^S 

iSlte.n. fio;:^^— 7-3 4 2STKNaOH^*S3 4 20 ffi3 7 0±(C(±, W^^JS^fiKS^ (MO C VDffi) 

3Sffi}#UTV^S, CCT\ j:^^'— ^— 3 4 2t±, t^J;0^ GaNiSp^'S:* 1 0-2 0 OninJ?©>'^':'7r 

U«:^^Sm®3>hD— 73Epf>0K]SS§S{tT[alle ^3 7 U Si H-7*On^GaNT&»e,;te5 4/zm#® 

U NaOH^*g3 4 3^mJ*1-S= NaOH^®34 nMa>^'i' hM3 7 2. Si K-7'®nS!Gao. « A 

3t:B:, GaNM#Ji^iiS?&J5£l/fc^«3 4 4A*Sgr Ic.j N3Epe>;5:S 2 5 0 nm0®n^^7 'j; KM 3 7 - 

3, S i F— 7"©n^GaN3!pf>*:5 2 0 Onm^®^ 

[0212] C®^344ti. SfSi/i-Ommums 4 iSJg374. S i h--r®nMGaAlN:*--/T-7D 

4 1H:. iSSS@^3 4 SO^iHSiCgJ^^nTt^S. z:i [0 2 l 8] iBlV■»T^ n^Ga A 1 N:*-— 

Ts It^i!^@®3 4 5£3^>tt!S^•rs^:. StE344li ih®37 5±tti, 1. 5nmJ?©y'Vtf-7^Ino.,5 

S^^b^S<Jt::3i.>^>5^?n5, 30 Gao. 76N^itf 3 nmJico^^ > K-n,no. o^Gao. 

[0 2 13] ^Oj;"5*:e^<b^W3is'f->i^tJ;>). N©2ajg©I nGaNg&5 OUTODjgU-CfilJag^ 

:^*y9->^yo7T-( n^^ms 5©^«s?BiSC5^ufcj; n5#fig^#p (mqw) «}jgo?gi4®3 7 eifim^ 

7tc:^LfeJ;a{C. A lM^Di^l^GaAlNa^':'^ [0 2 19) ^bT. fgM 3 7 6 ^tti^ Mg 

>i^i^3!»»>c$v^fc«>C^ E]3 5t^UfcJ&:KAi|?m$ ©pMGa A 1 N:^.-y^-7D-B^lhJi 3 7 7. MgK 

Sfc. .*^JE?l5fi§-tttpMGaN«SJgyg3 2 6Ai -ropmOaNiP^JfeS 2 0 0 nrnJ^ffi^SSEii 3 7 • 

[0 2 14] )£ciJs xy^^i^T-n^y-f^l/^SiJ^^S ^'^'j/ KM3 7 9, Mg K-T-Op^GaNA^fiJas 

fetoo^M^iiH:. ia3 5tc55u&2ji^jSt^iise>rv 0. SMmm<D^^'vym3B0ifimm'M^M<> 

3mi>J^±.X^^<s $e.K«aii.HGao.esAlo.i6N3EP 40 [022 0] pMGaN+-y -yrMS 8 0±C 

f,GaN*T-J£MS«lCffi^SS<b?#&i7V-7=y K^ ti. ISlC VDS^^ J; , S i 0, ^ipt>)5:5 4 0 0 nm 

■C;&^Ttiav%« x^»^>i^g*S4,NaOHCK J?<^>SStS^:^^lg 3 8 1 ig|V^■t, 

^$nSti©7fH:&<, KOH. HFmSfft. HPO, :^i'Ji3 8 littt. Vi?;^ h (AZ41 10) ifiiji 

[0215] mi 8<Dmmm) m5 8ti:^mm<om h^^yj^i^'-yifi^^^ti^cn^^. -^xA-ii, 

1 s<Dnmmicg^t>^^mi^U'''*f<om^^7j<tmm 1 2 o-c©Msg#a^®:t-7>ic2 o^Kfis^^n. 

tR3 5 0©±{CGaN/V;/7yiS3 5 1. nSGaNn ©S iO, m^^^^^^y^i/^ti^ Mvx^igi: 1/5^;^ 

V^'^ h;i3 5 2, nSGao.a.Alo. i.Ni'-?^' h^A»P>5&:5 2Jg®vj:^^'M4^?&iiE$nS, 

3 5 3, nSGaNSffiig3 5 4, InGaN^mfi? 50 [ 0 2 2 1 ] JfeC. E 3 9 (b) t^ii^^J;^ SJ^Ht 
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-f^rvtr— AJi-y^Vi^ (RIBE) ^tCJ:»), p^G 
aN:^V^':7'Jg3 8 0*i. pMGaAlNi'^*;; KJi3 

[0 2 2 2] :izr: prnGaAlN^^^y \^m<Dm^ 

to 2 2 3] v-r ^01^/^9—2 0 OW. ^:t»}amm. 
£E5 0 0V. Cl= i3:^EEt}0. 4mTorr— ^fc 
U SFa iS:^^maVTzmoG&NtGeLi.^ Alx 

N (x = o. 2) cD^m©^<bsia4 itc^fo Ke® 

H:j^'y5=->^t:^'{tSGaNcD^&?tti-efe?), tifflfiig 

[0 2 2 4] SFe ;if;^©HE:tftfJiAD^5fctieM. 
JtASi@ADl-So cntiv SF« i37.^mi}n-r^:iticx 
*). GaAlN^(D^-y5^>i^C:i^U ^®K«bM 20 
V ^ y ^ > ^^^JiSifigi^T- S A 1 CDJ®^ ^ n 

[0 2 2 5] cl^^^J:D^ GaAlNiicDJ^y^vy^ 
mitm < & D . i: G a N tC^S^itsb^;*;^ < & 

il>*< t*)F;fejffi^4:UT^if:^, fiaj^tfCF 

GaAlNM(D^'y5^>^^©fig{C. ffiiSiU®V^Al 30 
[0226] GaNJg3 80i:GaAlN^3 

>i^^!|sfm®C«S:^6 5 0nin®U-if5feSfi^ltU S 
5'^>4^j^*sjlVN&4i), GaNJS3 8 0©^y/^>ir 

m<os.m^^<oum(Dmmi^. GaAiN;i379® 

«*7t?&So 

[0 2 2 7] W±<0:)?i£tcit), ;*;|^JS?l3.^-??ti. Ga 50 
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A1N^3 7 9©^-^^--J^.y5^>^£4 OnmWTT- 
SO. : Ha Da : H, O^M^'tgltx bi^^^ 

CO 2 2 8] l:^±<D^Sm(D^. 9 (c) t^^t-ct^ 
MOCVD{cJ:5^2|plg©^:gtJ;5. S i K- 
7'®n^GaNA-f,^cS0. 5 umm(D^mihtf>m m 
mMmm) 3 8 2ASpSGaN^-^.vr®3 8 0®<iy® 
^B^XT>MOe.AlN^^v KM 3 7 Q±izm^^tL 
So ^2[5]gcDj5gg^^ ^^br>t-'>AS 
^^^mi-^^tl. SiOj v;^i'iSBfj5fe$ji^ p^Ga 
N^ri-^'T'MS 8 OAigmsHSo 
[0 2 2 9] ifcv-»T-. 04 0 (d) t^t-J:afc. MO 
CVDtCj;SB3Io]g£DB£:SCJ;»), pMGaN^^.;; 
rig 3 8 0±^it5pMGaA IN^^v;/ h*ji3 7 9±tc:' 
MgK— r^JpSGaNAi&J&SO. 5/iinjPcD3>*' 
^' bM3 8 3*J^^^ns, ifct. Cl^ :^7.^m^^Tz 
RIBEt:j;*j, nMGaN3>4'^ h03 7 2 AS0tU 

tlSo 

[0 2-3 0] ^®^, ^4 0 (e) tr^^-TJ-^K:, nM 
(DmmS 8 4iiJ;Urp^fel0^3 8 5 3t»ifl5j^^n, -^l^^ 

[0 2 3 1] titJlS, |^«(Z)l/— !ffc^JV^T^±. SKhIM 
(D^Ulz^i). nMGaN^i^s^ji3 8 2*7?SJ^:^ 

2CKPgBSII(t. m2lPlS®^:glcj;DpSGaN3 

^i'i' hM3 8 os^:^$■a■si:v^^g!!iig:^r^^tifes. 

3KS^ji3 8 2'^MOCVDSj£;^^jaA>e,©M&cOSl3i 
®fcto«««^)SOggpgB®p^GaN3>^'^ h;g^ 

*nsEas*i$.So 

(02 3 21 UA^U nMGaN 
mS£3K^JS3 8 2{±m2|lIg©^g-r||Mt-StJ&. M 
0CVDS^&WMljai)^e>OMg®5(ji^nASM<, nM 

GaNmSS^Ks^MS 8 2 5^<B^7?^Sc ^fc. 

[0 2 3 3] ±i$UfcJ;^tr;*;IW5.^lCj;nti. Mfb 
S, 3>e.tCs ^'y5^>^'g$:JiSct<^::iiJ'T-|tSfc 
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[0 2 3 4] m2 0(Dmmrm m4 2'^m4 3^7^ 

[0 2 3 53 *lllffijf$^t±. }k<0 2 -:><D}^-cm 1 9 

mmmtitn^i. ii^b^. 042 (b) izmtx^ 

SGaAlNi^^-^/FlSgO^JSK^nrv^So 2jiS 
ae:. 04 2 (c) l^VitXol^. pMGaAlNi'^ 
KJi3 9 OiP^feS'J ^^Pifi^0m^i:.m-oXnmi 

So 

to 2 3 6] ::c5mMT-i±. S«^0 3 8 2 3!)S. U 
S^©Wr-SM3 7 6{c3fi^-rSfe»^ InGaNffl 
m&k^ms 8 2®l!aiKS5fe®^St::J:t)*l;S2k¥;^lRl 

U '>55©M(ffiICDGaAlN©j5^H:. m^^^ 3 20 
8 24:TS*£IS3 7 6i:CDHE(S(CiBSrSfe®, U— tf$ 

[0 2 3 7} ^C-CtuMlBiat:^ EI4 2 (a) iz^tm 

IBEffitSfflV^So Cla :tf;:?E 

ijOi 4mTbrr, SF, *f:^EA0. 15mTor 
r, V'f5'Dffiy^^7-2 0 0W, ■<2^>JpigS£E5 0 0 30 

[0 2 3 8] pSGaN^WT'SS 8 0±(C(*v;^i' 
tfBfiSStU pSGaN+^y:r®3 8 0t*J(tSv^ 

l*^ GaN/GaAlN©S*i±t<^l. 2 5^-?:* 
t)v GaAlN©ai'y5^>^^^6siit^feit). GaNt 
GaAlNi:^0|f®Cii^«^T^ t'-lfW^ 
51/— »f3fc®S^3feS®iSfi)^mA*Sfb-r5, 
®lEi&iSfflA*l SOnmlCffi^U GaN/GaAlN 40 

3iy?>y£f?itu&o ^ogs. 124 2 (b) ts^-r 

i^t. U i'i^CMCDpMGaAlN^^y HJi3 9 
0 ©jps LTgattit !J ® 1 0 0 nmi£S UTi 

[0 2 3 9] ^^z)^■^-^ccy5^>i^x^^cii^r^■^:. 

1. :fSX(D?f-t:m^^tzm-^. GaNi:OaAINi:tt(S 
— !f^a^t-i'K*i(tSiSi&MmoGaN/GaAlN 50 
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[0 2 4 0] ^mmiz^^mm:^m-ctA. m^^i 

[0 2 4 1] JilJ:©J:^ty ^yi^Jg^©^, 1^4 2 ■ 
Cc) iz^.t^oiz. ^20a®jEiem-^nSInGaN 

s»^03 8 2):)ss^fig$n5, $e.tcsio, V 
04 3 (d) ic^x-Ti^t. mzmEo 

®pSGaNrJ>^^' hg3 8 3i±. H^-T^iiv^v^ 
tCJ;»), nSGaN3i>*'^>M3 8 4i)i^f±i-r5ST- 
^^/^^V^'^rJit^l^-ASBliE^nS, 04 3 

(e) Kl^-fi^tc, pMGaND>*'i? hJi3 8 3± 
lCp<H!im^3 8 5«fig^ti. n^GaN=i>-$'^ hJg 

3 8 4±Cnffl!l^S83 8 4 3&iJi5fiE^n^ ffibs 
SiiSnSo . .. 

[0 2 4 2] zzx. :^mmmxti. mmm^m^s 8 

2fcUTnSInGaN0^S^tr^^(;oi^TMb 
tcifimmMmm3S2<DmtLXit. nSGaAlN 
® «J H©ffe©$f J|4T* r3 T ^1 ^. 
[0 2 4 3] (^2 lcD^iS0)?S) S4 4 (a) -"^134 

4 (d) 1±*MM©^2 l©||SygflSC$^t>Si|i#ftU 

mtm^^^it. 044 Cc) ti^pi-jiat::. mm^& 

XH^K y vi^^tt&nSInGaNSiJEjRs^^S 9 1 

[0 2 4 4] Z<DV~~1fmikX^, 04 4 (a) C^-f ' 
xgog^, 04 4 (b) t^-TJ^-Sfcs K^-C^i'y^^v 
yiCiD> pMGaAlNi'^yKJiSgo&y^'S^i: 

3 9 1 tf^m 3 7 6 i:ffl8E(StKS£-^^5©T\ ^ '. 

[0 2 4 5] *^SSJ^5Ki3V^T^). ^2 0©||MS^ 
t-*'i:;£a^-a-Cffll>5o -t^eS, 04 4 (c) t 
[0 246] (^2 2®^JteJi^,^) 04 5(i. *^H^O 

^2 2®s^^sJg^^::^^t»s^^s^^:I/-if©Mfi^^^^t^ 

[0 2 4 7] 0ifJ4 0 OttnSS i C&^X^*). ZO 
Sffi4 0 O0±tc:nSZnOJS4 0 1, nSGaN;i4 
02, nMGaAlNi'75'HJi403. GaN^gyS 
404. Inj Ga.-j Nip^?&:5^ 1 cDrSM 4 0 
5, St^GaN®M4 0 6«WfiK^n, Str^ 1 
®^:aA$:|iJt<|g2©^J^Btcti, In, Ga,-k lii>^ 
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nSil nGaN3teffliii?)M4 1 2 aSU^b. pMGaN 
hm4 1 3 a^fcIFb3&iff^^$nTV^5c ^R4b\ 

#oSa^^tcj;^TtTfciiS* 4 14aSlFbti 
pffi!Ima^ 4 1 StinfJimegT^So 
[ 0 2 4 8 3^ C CTn ^ 1 (Di^i^m 4 0 5(DJ^> h'^-i' 
•^'^Eei , ^$dli:, M26D?£^4Ji4 0 7©A>^• 10 

Eg, >Eg, ..- (1 6) 

d l>d2 (1 7) 

Jg4 0 5cDIhla^j = 0. 0 5. m^l OOnm, B 
2®fg<4^4 0 7©In«fi^k=0.. 15,ff^l0n 
mtbfc- ^m^M-CA. 1=3 8 Onm. A 2 

= 4 1 OnmCiti^-rSo 

[0 2 4 9] zcou—irm^mmKDm^AX'i^. 

M**^lCDfgi?^4 0 5©^*T-feS&A?). ^®iSM4 20 
0 5£DJS^3 8 0 nm-T:^lg^$o IS2(Z>$S^B 
>*±^l©fS<SM4 0 5i:^2©fSSJg4 0 7i:As^S 
^2cO?S*4l04O7®-'^>Kdi=-^5/7'©:J5'AS/J^ 
■^rv^fc©, ^^SltBSSg^t±^2®fStSg4 0 7T-^^ 
So ti^oTx C£D^j^T-(a:4 1 0 nm-C-^J^-rSdiitc 

[ 0 2 5 0 ) 1 CD^^AcDfS14M 4 0 5 ti 1 0 0 nm 

5x M^)Jfc^W£D'i>*:v^^$l^*^^^e>nao ^2® 

^^SBT-ttl Onmi:m^SttM4 0 Jfc,'^T7 30 

[0 2 5 1 ] Uip*;^IU£?K^-e«:. UyJ^^Bfig-rs 
^^5/ Ka4 1 l®«!l®{::fiS14S4 0 5, 4 0 7J:D*) 
-'^>K=^-^'^y7'3i:?;;v=^f— CD/J\$(,^?t^a4?>^4 1 Zt: 
S3i^f?^5fiEbTV^SCDT^ 6-'5-©fS:^A. Btc:4b•v^T^ 

H -Tf © Jii^lBISA* Rjig i: ^5: 5 o 40 

CO 2 5 2] 04 5t::jT^tfc*#«i:U— iftoSSJgxa^ 
ia4 6-'S4 75#^bTSi^-r^» S-r^ 1^4 6 

(a) ^;^^■r<t■5^^^ n^S i C^tg4 0 0cQ±t;. n 
m2nOM401, nMGaN®402, n^GaAl 
N47^5/ Ki§4 0 3, GaN3?SeJi4 0 4. I iij Ga 
.-J NfSiilg (ffi l?S<4jf) 4 0 5, GaN^?^4 0 
6. In. Ga.-K NrSM (m2tSt±0) 407. G 
a limmm 4 0 8 ^MifcfiS:^-^^, 

[0 2 5 3] E4 e (b) C:^i-J;at:. ^1 

©«a^AtC*i;tS3¥iS;g4 0 8i:mf4Jg4 0 7£3i';'?^ 50 
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>i^r-\^^t^o Z(Dt^. iS*4^4 0 5*±«SS®4 0 

[0 2 5 4] (34 6 (c) ^infXoiZ, ±m 

tCpMGaAlN^'^^vK)||4 1 1 ^^^SSU •^©±(3 
SiO= 1^4 2 l?£;^/^y^ffi^t?fl$fig-r5o 
[0 2 5 5] ik^^X: 1^4 7 (d) tC^-^iaC. S i 
O2 JK4 2 lffly^^-->^^^?foT. c:n<£vj=^i>i: 

LT^^ASu^Bt: -en-en'; -^i^^Bfigt-So 

[0 2 5 6] ik^^X\ 04 7 (e) ^;^^^J;alc, Si 

[0 2 5 7] »l^^X\ m47 (f) t^Tjk-r^^l^. Si 
O2 p^GaNZJ>^?^ hM4 1 

3;&fie:gU pffl!im^4 14. nffl!imfi64 1 5&BJ5Et- 

5(Cg^bfc^iEg*i^fie^5, 

c 0 2 5 8 ) ±j£ .t a iz:^mMmmiz ;p:jg 

[0 2 5 9] (^2 3ffl^jSJi$^) 04 8tt, ;*!:^^© 
^2 3©^fi£B^t^t)S^I?f*:^— +f©^J5£;£^^gf 

[0 2 6 03 ^mm^m<omms:Tmm:^mt±m2 2© 

^lOS14M4 0 5 t«;^TmJ?d 1© 
^l©ffS<4®4 2 5<&;tU S^^2©rEH$ii4 0 7tC 
^l©^fSM©i^J:5*A^ViJ^d2&<fe-' 
0^2©TSSJi4 2 7^(i§ifc:^i:T-feSo 
[0 2 6 1] -r^ti-fe, ^i©iS<ia4 2 5©^d 1 
i:^ 2 ©fgSii 4 2 7 ©md 2 i:©ege^^, 
d Kd 2 .■■ (1 8) 

iiLfedt-tSSo fip-fe, dl = l Onm, d2 = l 0 
Onmiib^io *fc, ^2®^:®B(;pMl nGaNija 
JK)i4 2 S^gSl^fco 3©IRlDyg4 2 8 ti Rjfain®iKi*: 

tLxm^. ^m^mis^^*)^^{zm:i^mmhvx.^ 

5o Cl©^-i§©i^-^tC(±, :)!£7=^i'Xi'^£;MtCiJV>T^l 
©SiJSA©U-if^g3^ffi, ^2©^H:^B©b— tf&^ 

[0 2 6 2] (®2 4©^JiS?^S) E]4 9(±, ;*c^^© 
[0 2 6 3] 0i|'4 3 Ot±-y-77"f TStg-rfeD. CI© 
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;43 0©±tGaN-'^'y7rS43 1, nSGaN 
3>^'^h/f4 3 2. ngiGaAlN^^'i' K^4 3 
3, n^GaN#ifiii4 3 4, InGaN#ttM^#p 
iPe>^5^1®?St4^4 3 5, rVF-rOaN^iS® 

4 3 6, InGaNMa^#^=FA»6S:5^2^Z)^S^^feM 
4 3 7, pSGaN^ra4 3 8, pSGaAlN^'^ 
•i'KM4 3 9. pMGaN:^-\"y7a4 4 0, pMIn 
GaN3tm3iai)®4 4 1, pM I nG aNnv^'^ 
4 4 2*iffJ^^nTV^5. ^tfJ©4 4 324^^4 4 

4H:pS^, 4 4 5ttnM®8BTife5, 
(0 2 6 4) ^l£D^Sfi^^fr^ffitt;@4 3 5 

<DJ^>Y^^"ityEsi fc^2CD0-fiM^#P?S<4jg4 
3 70M>H:^^'y7'Ega ttt 
Eg, >Ega 

[0 2 6 6] ESOii. m4 9{l^^i.tzmmB<DU- 

[0 2 6 7] (^2 5 0^I5SJ^3^) la. *^WCD 

[0 2 6 8] I2tti4 5 Ott-y-^T^'T'^T-feS. 
SIK4 5 0®±K:GaN/^';/77'®4 5 1, nMOaN 
n>^i'hffi452. nMGaAlNi^^^/ h*ig4 5 
3, nSGaNagg^Jg4 5 4, InGaN^MS?^#P 
3!pe>^S^l©TS*4®4 5 5. y^h'-T-GaN^SiSyi 
456. InGaN^fiM^#pfre.*5^2®iS14Ji 
45 7, pSGaNS|fflE^4 5 8. pSGaAlNi'^ 
5'H®459, pMGaN^wr®4 6 0, p* ^G 
aN:3>i'^? h^4 6 1, nSI nGaN5fclBa«)jS4 
6 2, p* ^GaN:^>^'^'^®4 6 3i)^m^^^■C^^ 
So ^fc. ^tp®4 6 4SUr4 6 5(±pffl!)S^, 46 6 

[ 0 2 6 9 ) ® 1 ©^Mfi? #FffiiSJg 4 5 5 > h- 
=^i'-yrEgl. a:^2^as^^#pS14;i4 5 70^1 

Eg, >Eg, 
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T^tSf -So 

[0 2 7 0] mzGomtmm) mb2it. :^^m<D 

[0 2 7 1] W-1f®g*M^igi±miiaEi2 St^q^Ufc 

6©/?>K^-fr'>7'Eg. i:m2®^Mfi^#pmttJg 
47 0OytV^:^:■^^/7'Eg2 t®g5«^&±j6!E® J:-5 1 

[0 2 7 2] («2 7®^fiSB^) E5 3K. 

[0 2 7 3] C©ll«!iCii{t54^iS<*;i/-if®g;*; 

20 Mfi^Bg-rso c©^js?KiiTi±. m'^my6>o^ 

[0 2 7 4] 0itiO4 8 0(±b-b'>>^T-;bSv fc- 

S« C©fc-h'>>^4 8Ot:H:0t:3a^Lfc<t-5*:mil 
KTi/Pt/AuJl) 4 8 1-4 8 4Ai^Bfi2^^lT^^ 

5» 4 9 0(±®«gfs^^iai-r5fc46®^«Tfe 

^^t^'^'/XJBiiiJi^^iiiU— tf®m@i:t±. AuS 
30 n^©if£a«4 8 5'-4 8 9tJ:!3ffig$tl'rv^5» 
to 2 7 5] *lliE?l$^©J:5t^^^®^e'>©V'>> 

, m-e©SS**qIigi:fe5„ 

[0 2 7 6] *^S^Ii±ieUfc^|^K^tcps^ 
Sn5*)©-ea:«:<..^©ge&«L6;ViffiH-C. M 

[02 7 7] 

40 7^A^©3taitaUfc|^^JK^®)B:iiSg©ai9Jt-A 
S Z t0X^^ I n G a A IBl^mo^mi^U—^ 

[0 2 7 8] sfc, y^mmi^^titt. m^mmmm^o 

-if <S 16 t S c t © T- & 5 u — tf T- 
[0 2 7 9] th^^ti. *:%^tcj;n«, gftftffiffliS 

50 tt., m^icmk^^mwv-v^^mx^ 
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CO 2 8 0] *;^WtcJ:nti. fSfSJi'^®^-^' 'J 

[0 2 8 1] ^fc, JlK^WCctfLK. igfb:^'; -^Am-fb 
CiS@<^^¥!5:S£^] 

i3« 

[136] fSfSgiSg^d. ^5?/KJgj?H.i.<.3etFti7^ 
I3«. - 
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[1310] SCH-MQW«jgiciit:^Si'7^; KMi^ 
[131 n SCH-MQW^MlCiJltSi'^Ty KMW 

[131 2] ^ia#PJlJ?^5©u^v^mg£«g^J.h/ 
d.ct tCBIU JtSiitoSAx • (Hcor-/A) • (H 

[^1 4] *^MCJ^sL&v^fi6^g®^am&s£^f -sfc 

[SI 5] M-7D"Kit®;fei9:(t*;v%Jg^®M> 
[El 6] :*--M-7 0-Kll:jg;fel9:[tfciS-&®M>h- 



[13 1 7] >t=^B^CD^2(D||JSfl5SgtC^fc5i|£$^<|;U-- 
[131 8] *^K<D^3®|^fiSfl$]!Sfc0^ti5^2JSt^$:v- 

[^1 9] ^^B^':D^4®||^fiB^stfist)S4^^|[^$:l/- 
[^2 0] ^y^T^nmiz^^mmm^^mcomm^^T 

[^2 1] p-GaAlN/p-InGaN^^M^Jt^ 

[^2 3] ^^m(Dm5<Dmmmmiz^t>^^m&>u~ 

[02 4] *^^®B6C0||lffiS®tZf^fc52|£^<^^_ 

[02 53 *^^®^7©||SEJK^t^^^fo:5^3¥^l/- 
1f®SI^&5^t-Bf®l3o 

[132 6] ^^mcom8iDmmMmizmt>?>^^m^u~ 

[02 7] *^eg®m9©^?f&]iSt^fcSit£S|ft:i.^ 

. [02 8] 4=^H^®^ 1 o<DmmBm^mt>^4^mt^u 

[EI2 9] :*:^^®mi,10l^S£J&^t^toSi|i3?l*u 

[03 0] ^mm<^mi 2<Dmmm^mt>^i¥^mi^i' 
[03 1] :^mm(Dmi3<Dmmmi:i0^t>^i^m^u 
[03 2] :^mm(Dmi 4<Dmsmmvimt)^^mi^i^' 

— if®mSr^-r©r®0* 

[03 3] 3*i:^§g<7)Bl 5©|^JfJ,^ti^t)S4^#«;U 



[03 4] :^mM(Dmi6(Dmsmm\z^t>s>^mi^u 

[03 5] *%^®S1 7©^?I?SJc^fo5i|t«¥<*;L' 
tf®«^^^-r»fH0o 
[^3 6] lRlllS£0S§tc:*JttS:3L>v5^>i^:)^^$!(a^-?- 

[03 7] mmsmmizis\f^j^v^><r:^m^^m-t 

[03 8] ;*:^0^®^1 8ffl^Jg®t^fcSiii®f4;i. 
— tf©MfiK?£^N^I!9rH0o 
[03 9] 3t=^qg©^l 9(O||jSS,^K:0^foSi(i3Si*:^ 

[04 0] mms^mmizi5\i-^i^mi^u-if<ommj:m 
[04 1] Pii»fl^Sfc*itjssmi:?!f^«a^fcog5 

50 ^$:^-r0„ 
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[04 3] mmmBmi:i^\i?>^^mi^v-^0mm:LU 
[04 5] :^^m(Dm2 zommmmizgiitt^^m^u 

[04 6] l^llfi£0^Cj3lt5*J?ft;L'— tfCMXg 
Mo 

@« 

[1^4 8] ^^m<om2 3 0mmBmfc^t}^^mi;^u 

[04 9] *^ggfflB2 4 0|lifijKSSl;:«Kb5iii^?{*;i' 
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[05 1] 7^^m<Dm2 50mimm\z^t>^i^m^u 
[05 2] 7^mm<Dm2 6(DmmMmi:i^t>^^m^\^ 

1 0, 3 0. 70. 9 0, 1 1 0, 1 30. 1 5 0, 1 
7 0. 1 9 0. 2 1 0, 230. 260, 280, 3 0 

0, 320, 344. 3 5 0. 370, 43 0, 4 5 0' 

11, 31. 5 2, 7 1, 91. Ill, 131, 15 

1, 17 1, 191, 211, 231. 261, 28 
1. 301, 321, 351, 371, 402, 43 
1,45 l—GaN^tiy7rii 

1 2, 3 2, 7 2, 1 1 2, 1 3 2. 1 5 2, 1 7 2, 
192, 212, 232. 262, 28 2, 302, 3 

2 2, 35 2, 3 7 2. 43 2. 45 2-nmGaNn 

13, 33. 53, 73, 97, 113, 133. 15 
3. 173, 194, 218, 233, 263. 28 
3. 303, 323, 353, 373, 403, 43 

3, 4 5 S-n^GaAlN^^f KM 

1 4, 34, 5 4, 74, 96, 1 1 4. 1 34, 1 5 

4. 1 7 4, 1 95, 2 1 7, 234, 264, 2 8 
4, 30 4. 324. 354. 374, 404, 43 

4. 4 5 4*"n^GaN3liSJg 

1 5. 3 5. 5 5. 3 7 5-n^GaAlN:*-->'i-7 

16. 56, 75. 95. 1 1 5. 135, 155. 1 
75, 196, 216, 235. 265. 285, 30 

5, 325, 35 5. 3 7 6, 435. 4 3 7, 45 
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5. 4 5 7-InGaN^Sfi^#p (MQW) rStt® 
1 7. 3 7. 57, 3 7 7-pSGaAlN:^-wt-:7 
D-BSihJi 

18. 38, 58, 76, 94, 116. 136, 15 

6, 176, 19 7, 215, 236. 266, 28 
6. 306. 326, 356. 3 78. 438, 458 
-p^GaN^^ 

1 9, 3 9. 5 9. 77. 9 3, 1 1 7, 1 3 7. 1 3 

8. 1 57, 1 5 8, 1 59, 1 77, 1 7 8, 1 7 
10 9, 1 9 8. 2 1 4, 23 7, 2 6 7, 28 7, 30 

9, 3 2 7. 3 2 8, 357. 35 8. 3 79, 3 9 

0, 411a, 439, 45 9-p^GaAlN^^ 

2 0, 40. 6 0, 7 9, 9 9, 1 2 0, 1 4 1, 1 6 

1, 181. 193, 213, 213. 240, 26 
9, 289, 310, 329, 412a, 441.46 

21, 41, 61. 78, 92, 118, 139, 16 

0. 1 8 0. 1 9 9. 250, 25 1. 2 6 8, 27 
20 0, 288,308. 359, 3 60, 380. 3 8 

3, 413a, 413b. 440, 460. 4 6 1, 4 
6 2-pSGaNJg 

2 2, 4 3., 6 2. 8 0, 1 0 1, 1 2 1, 1 4 2, 1 
83.20 1,221,242.271,292,31 

2. 361, 362. 385. 414a, 414b, 4 

4 3. 4 4 4. 4 6 4. 4 6 5-pffi!lS6| 

2 3. 4 4, 6 3, 8 1. 1 00, 1 2 2, 1 43, 1 
84. 202, 222, 243. 272. 293. 31 

3. 384, 4 1 5. 4 4 5, 4 6 6-nffl!im® 
30 3 6 -G a N^-fi^^^ ( S Q W) fSliJg 

42. 119, 140, 200, 220. 239. 2 4 

1, 307-pMlnGaNJi 

5 0, 400-n^SiC^ 

5 1, 4 0 l-nS2nO>''t^;77'JS 
98.2 1 9-nSGaN^ 

3 4 0-S*S^gg 

3 4 1-^m® 

3 4 2-:^^'-5- 
3 4 3-NaOH@% 
40 345 
3 8 1 

3 8 2, 3 9 1 

405, 40 7, 425. 42 7 

406, 408. 436-Ga: 
42 1-SiOs M 

4 2 8 •••IffiJDUi 
4 8 0-t-}-S^>i7 
4 8 1-4 8 4-^JS® 
4 8 5-4 8 
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